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Abbreviations 
ADMT - averaged daily mean temperature (averaged for a distinct sequence of days) 
Bi - net reproduction rate 
b - coefficient of linear regression 
bpart - partial regression coefficient 
CNF - curve of the cumulative number of individual first captures 
CNL - curve of the cumulative number of individual last captures 
CV - coefficient of variation 
DMT - daily mean temperature 
MET - Middle European time 
MEST  Middle European summer time 
p - error probability 
r2 - coefficient of determination 
r2mult - coefficient of multiple determinations  
r - coefficient of Pearson's product moment correlation; 
rs - coefficient of Spearman's rank correlation 
RFS - range of density dependent food shortage 
sb - standard error of the regression coefficient 
SD - standard deviation 
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1. Introduction 
"The point of view of any biologist with regard to general questions is bound to be 
affected in important measure by his own personal experience." 
(GRINNELL, 1924, p. 223). 
A fundamental ecological concept is that of competition between both conspecifics and co-existing 
heterospecifics for limited resources. Intraspecific competition in adapted manner and at the right time is 
thought to be a major force preventing crowding and scrambling due to over-reproduction and thus 
stabilizing abundances and reducing the danger of extinction of populations (NICHOLSON, 1967; MAY, 
1980; BEGON & MORTIMER, 1986; BEGON et al., 1996). Moreover, intraspecies competition causes 
species to broaden the use of resources or habitats, forces them to expand the area occupied, and, under 
certain conditions, causes conspecific populations to diverge by disruptive selection (ROSENZWEIG, 
1981, 1991; PIMM et al., 1985; DAY, 2000). Sexual dimorphisms also seem to have evolved under the 
pressure of intraspecific competition (TEMELES et al., 2000).  
Interspecific competition is supposed to be the major force of selection for diverging life styles amongst 
co-existing species. Life on earth consists of genetically isolated, evolving species. On the other hand, 
characteristically throughout the biosphere various species co-exist. Preconditions and rules for species' 
co-existence have been the main focus of ecological research for a long time (LOTKA, 1925; VOLTERRA, 
1926, 1931; ELTON, 1927, 1933; HUTCHINSON, 1957, 1965; MAC ARTHUR, 1968, 1970, 1972; AYALA, 
1969; MAY & MAC ARTHUR, 1972; CONNELL, 1975, 1983; ROUGHGARDEN, 1983; MAY, 1980; 
ARTHUR, 1987; BROWN et al., 2000; for a current stimulating review see Gordon, 2000). For example, it 
is of interest under which preconditions species co-exist that depend neither mutually nor unilaterally on 
each other, but share necessary resources. It is theoretically and experimentally (GAUSE, 1934; PARK, 
1948 1954; HARDIN, 1960; ARTHUR, 1987) well founded and indeed has also been observed in nature 
(especially after invasion of alien species; ELTON, 1958; LLOYD, 1983; ATKINSON, 1989) that a species 
can be excluded from a habitat by a superior competitor that is able to utilize a limited resource more 
effectively. On the other hand, co-existence in the same habitat can be possible (GAUSE & WITT, 1935; 
MAC ARTHUR & CONNELL, 1967; BEGON et al., 1996) if the ways to utilize resources differ between 
competitors to at least some extent, or alternatively, if the segments of the utilized resources differ 
(resource partitioning: SCHOENER, 1974; WIESHEU, 1998; as expressed in the limiting similarity theory 
of MAC ARTHUR & LEVINS, 1967) - to put it figuratively, if the competitors use different ecological 
niches within the same habitat (GRINNELL, 1924; ELTON, 1927, 1933; HUTCHINSON, 1957). Two main 
patterns of habitat partitioning have been described: that of shared preferences (competing species share 
a common preference for the same segment of the environmental gradient so that the broader segment 
preferred by the one species completely includes the smaller segment preferred by the other species) and 
that of distinct preferences (competing species have different, but overlapping preferences) (WIESHEU, 
1998). In higher animals, like birds, learning of environmental cues may influence the individual pattern 
of shared preferences (SANDLIN, 2000).  
Interspecific competition can occur at the boundaries of both shared and distinct preferences (WIESHEU, 
1998). Thus, the possibility has been discussed that interspecific competition restricts the spectrum of 
resources used by a species co-existing with competing species (ROSENZWEIG, 1991), and competition 
for niche space among co-existing species is assumed to be a powerful factor of selection that favours the 
evolution of ecologically relevant character divergences (displacements) in co-existing populations 
(TRETZEL, 1955; BROWN & WILSON, 1956; HUTCHINSON, 1959; MAC ARTHUR & CONNELL, 1967; 
GRANT, 1975; MAY, 1980; PIMM et al., 1985; MORRIS, 1999; for a current consenting opinion see 
LOSOS, 2000; for an earlier sceptical view see CONNELL, 1980).  
Recent theory, however, qualifies this interpretation by predicting that competition is not always the 
most influential interaction that shapes a community: it is only in low-productivity biocenoses that 
competition is predicted to have the major influence on community pattern, whereas in high-productivity 
systems, predation seems to be more influential. In the first case species that are successful at competing 
for resources are predicted to be dominant, in the latter case organisms that are successful at avoiding 
predation are predicted to be (HOLT et al., 1994; LEIBOLD, 1996; see below points 1c and 3).  
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There seem, however, to be several possible ways (1-5) for species to co-exist without effective resource 
partitioning. (1) Of course, co-existence is possible if plenty of necessary resources are available. This is 
the case when the growth of the competing populations is limited far below the carrying capacity of the 
habitat resources, for example by stochastically distributed sub-optimal weather conditions (1 a) 
(ANDREWARTHA & BIRCH, 1954; ANDREWARTHA, 1957; BIRCH, 1957, 1979), or by a biotic component 
of the environment, for example, by effective intraspecific competition between the individuals of the 
competing species (1 b) (GAUSE &WITT, 1935; AYALA, 1969, 1970, 1971; GILPIN & JUSTICE, 1972; 
MORRIS, 1999) or by an effective opponent against the superior competitor (1 c) (GAUSE, 1934; PARK, 
1948; PAINE, 1966; MAC ARTHUR & CONNELL, 1967; WILSON & BOSSERT, 1971; CONNELL, 1975; 
BEGON et al., 1996; HOLT et. al., 1994). (2) In a special case of (1 b) it is intraspecific attraction 
behaviour which produces effects allowing competitors to co-exist even in homogeneous environments 
(according to empirical studies in Drosophila; SHORROCKS & SEVENSTER, 1995; and in communities 
associated with dung pads and carcasses, HANSKI, 1991 a). (3) In a special case of (1 c) it is a trade-off 
between resource exploitation ability and predator avoidance which facilitates co-existence of competing 
species (BROWN, 1989; MCPEEK, 1996). In the absence of trade-off’s, communities would be dominated 
by single, 'Jack-of-all-trades' super-species (ROSENZWEIG, 1995). (4) LOREAU & EBENHÖH (1994) have 
shown that co-existence is possible between species with complex life cycles, provided the efficacy of 
resource utilization is inverse in two distinct ontogenetic stages of the competitors; hence, these authors 
conclude that competition favoured the evolution of species with a complex life cycle like that of 
holometabolic insects. (5) HUTCHINSON'S (1951) fugitive species model describes a trade-off in 
regionally co-existing species between competition ability and dispersal ability ("spatial competition 
hypothesis": TILMAN, 1994, see also HANSKI & ZHANG, 1993; JOHNSON, 2000; AMARASEKARE, 2000). 
Similar to this model is the "intermediate disturbance hypothesis": as competitive exclusion is a 
prolonged process, the inferior competitor might find refuges in time (periods without competition or 
with a reversed competitive rank) because of temporal variabilities in the environment (CONNELL, 1978; 
HUISMAN & WEISSING, 1999; cf. also LUNDBERG et al. 2000).  
Whether the abundances in carabid populations and assemblies of carabid species are so high that intra- 
and interspecific competition regularly flares up, and hence whether competition is an ecological factor 
regulating species' abundances and determining the composition of carabid assemblies, is controversial. 
Several authors have presented evidence that in carabid populations food may become limited under 
natural conditions; consequently, in these cases the precondition that intra- and interspecific competition 
for food could come into operation would have been fulfilled (MURDOCH, 1966 a; GRÜM, 1971; 
HEESSEN, 1980; LENSKI, 1982, 1984; BAARS & VAN DIJK, 1984 b; GUILLEMAIN et al., 1997). 
BRUNSTING & HEESSEN (1984) concluded from convergence experiments in field enclosures with 
Pterostichus oblongopunctatus that density regulation is effective, probably via density-dependent egg 
production and cannibalism - that is, by intraspecific competition for food. LENSKI (1984) kept the 
naturally co-existing Carabus limbatus and C. sylvosus together in field enclosures. The individuals of 
one species (C. limbosus) were experimentally provided with supplemental food after every catch, 
whereas the individuals of the other species (C. sylvosus) were not fed. In this experiment, food 
supplementation increased the average body mass and reproduction rate of the fed C. limbatus adults, 
and decreased their running activity on the ground. The individuals of C. sylvosus also profited: they 
showed a significant weight increase compared with conspecific individuals inside a control plot; 
obviously, their foraging success was improved because of a reduced interspecific competition for food.  
Several scientists have focussed on - partly fine-scaled - resource partitioning between co-existing 
carabid species as the consequence of spatial and temporal separations and/or of divergences of 
morphological and behavioural traits and have discussed the resulting partitioning of the trophic niches 
as an outcome of species selection, i. e. as selection towards competition avoidance (MÜLLER, 1985; 
LOREAU, 1984 a b, 1986, 1989; DAVIES, 1987; LANDRY, 1994; HUK, 1999; for the limitation on the 
interpretation of resource partitioning studies, especially those scaling body size diversity in zoocenosis, 
see GORDON, 2000). LOREAU (1986) has shown that in a beechwood close to the climax stage in 
Belgium seasonality of locomotory activity of carabid adults and their diverging diet spectra are the main 
characteristics responsible for niche differentiation among co-existing species; both dimensions of the 
niche hyper-volume point to effective competition for food as a factor most influencing the organization 
of a carabid species community. In his 1994 paper, LOREAU restricts this rule to some dominant species, 
whereas the diversity of especially rare species is influenced by regional processes. That carabid 
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associations can indeed be described as organized (competitively structured) communities, i. e. that a 
species selection is the basis of shaping carabid assemblages, has been concluded especially from 
observations that niche differentiation (reflected, for example, by the body size distribution of co-existing 
species) proceeds through successional (unstable) stages to (stable) climax stages of zoocenoses 
(BRANDL & TOPP, 1985; LOREAU, 1986, 1989; HUK, 1999). MÜLLER (1985), too, pointed out that food 
is not unlimited in carabid species assemblies; stages reacting to food limitation are especially the 
periods of egg production and post-hatching maturation; differences between the species concerning 
body size, spatial distribution, seasonal and diurnal activity rhythms are interpreted by him as most 
important for reducing interspecies competition. Accordingly, GÜNTHER & ASSMANN (2000) describe a 
shifting of the seasonal activity of Carabus problematicus and Carabus violaceus at sites where also 
Carabus hortensis and Carabus glabratus are living, so that the extent of seasonal overlap is reduced. 
JULIANO (1986) reported that for Brachinus species food is in short supply at many sites (banks of ponds 
in Arizona); he assumes that competition for food is possible and that competition may help explain 
spatial differences in assemblage composition. SOTA (1987) assumed intraspecific competition for food 
as a density-dependent process in a population of Leptocarabus kumagaii. Even actual exclusions have 
been asserted in carabids: LINDROTH (1949, p. 560) discussed the reduction of the occurrence of Carabus 
hortensis as an exclusion (by predation) by Carabus nemoralis, and GERSDORF (1937) mentioned the 
reduction of Carabus cancellatus by Carabus auratus.  
On the other hand, DEN BOER (1980, 1985 a, b, 1986, 1991) has argued that abundances of carabid 
species fluctuate under the strong influence of density independent factors, and thus usually remain far 
below the carrying capacities of natural resources; hence, competition between species showing more or 
less the same life style will not or only seldom become effective. DEN BOER (1985 b; p. 270) concluded 
from analyzing the degree of overlap of the breeding seasons of co-existing carabid species "that it is not 
very probable that the distribution of species in space or the distribution of properties among coexisting 
species will often be significantly dominated by interspecific competition, either directly or indirectly." 
In his 1980 publication den Boer had already outlined his observation that "taxonomically closely related 
carabid species are also ecologically closely related" (pp. 290, 291), a finding contradictory to the 
competition hypothesis that "species belonging to different genera will occur more frequently together in 
the same habitats than congeneric species" (p. 290) (see also GORDON, 2000). Finally, in their book DEN 
BOER & REDDINGIUS (1996) summarized: "First of all, it has to be stated that the numbers of most 
populations of most species for the majority of time stay so far below 'carrying capacity' that competition 
cannot play a significant part" (p. 105). AZOVSKY (1996), however, has shown that DEN BOER'S view 
holds true in carabids (and other groups of the animal kingdom) only at a regional scale, whereas at 
lower spatial scales where competition can become effective, often fewer congeners co-exist than 
expected. - Similarly, THIELE (1977 b, p. 328) concluded from his experiences as carabidologist and 
from a review of the literature on carabid ecology: "Biotic factors such as competition ... and food 
supplies probably exert less influence on population dynamics than abiotic factors ... " (cf. also THIELE, 
1964). MAELFAIT et al. (1980), concluded from analysis of pitfall trappings that "environmental 
heterogeneity and possibly intraspecific predation", but in no way interspecific competition may prevent 
carabid populations from reaching carrying capacities (p. 124). NIEMELÄ (1993) summarized a review on 
the studies of interspecific competition and resource partitioning among ground beetles with the words 
"in general evidence is weak" (p. 325). - Several papers describing empirical evidence in other animal 
groups also conclude that interspecific competition is rarely actually effective in natural communities 
(ANDREWARTHA & BIRCH, 1954; ANDREWARTHA, 1957; BIRCH, 1957, 1979; MILNE, 1957; COLE, 
1960; WHITE, 1978; CONNOR & SIMBERLOFF, 1979; CONNELL, 1980; STRONG 1983; STONE et al.. 2000; 
cf. also the view that in many cases competition is "an intermittent process": WIENS, 1977). These 
authors described observations that manifold independent biotic and abiotic factors often depress natural 
populations far below carrying capacities, so that resources do not become restricted (see above). 
HENGEVELD & WALTER (1999) criticize deterministic ecological models from a fundamentalistic point 
of view, stressing that the dynamics of ecological systems can be understood only by the individuals' 
responses to environmental factors; hence ecological processes are stochastic in principle. Regarding 
such criticisms GORDON (2000) recently, after a thorough review of the literature, emphasized the 
importance of interspecific competition in structuring communities of species; GORDON relies mainly on 
paleontological patterns of mass extinctions and successive bursts of evolutionary diversifications 
followed by long-term diversity steady-states. 
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DEN BOER hypothesized that two causes (I, II) in particular prevent the number of carabid populations 
from reaching the range around a "carrying capacity" where food shortage and thus competition and 
probably also other negative feedback reactions necessarily come into play: (I) Decrease of density (i. e. 
prevention of crowding by over-reproduction) is caused by randomly distributed density-independent 
events to which the local population is not well adapted, for example randomly distributed bad-weather 
events deviating from the regional climate norm (DEN BOER & REDDINGIUS, 1996). Concerning the 
relative stability of populations (their persistence in time), REDDINGIUS & DEN BOER (1970) concluded 
that the larger the number of randomly distributed and more or less independently varying biotic and 
abiotic factors (including especially weather factors), the more density fluctuations are damped. From 
simulation experiments on the basis of natural fluctuations of abundances of carabid populations DEN 
BOER concluded (1981, p. 46),  
"...as far as population size is bounded from above (and this will often occur when 
numbers show an upward trend) it is not so much the degree to which the limitation 
or decrease of numbers is density-dependent that is important for survival, but the 
limitation or decrease itself. ... Even random restrictions ... do rather well".  
 
Regarding cause (II) DEN BOER & REDDINGIUS (1996, p. 105) stated: 
"... apart from predators, parasitoids, parasites, bad weather, etc. that may 
temporarily or permanently prevent numbers reaching 'carrying capacity', there 
may not be enough time to find a sufficient amount of the critical resource, so that 
'carrying capacity' can never be reached, however defined ... This was found to 
occur in carabid larvae and adults (VAN DIJK & DEN BOER, 1992): the modest 
capabilities of the nervous system of this kind of animal 'forces them to hunt in a 
very simple and rather rigorous (stereotyped) manner, which is far from optimal 
foraging' . ... Because of lack of time to forage optimally or even adequately, most 
carabid larvae - especially the very young - do not find a suitable prey in time and 
die."  
 
This view is consistent with that of WHITE (1978), who called "a relative shortage of nitrogenous food 
for the very young" ... "the single most important factor limiting the abundance" ... "of many if not most 
animals". More concretely, VAN DIJK & DEN BOER (1992) pointed out that in the carabids Pterostichus 
versicolor and Calathus melanocephalus the high larval mortality does not seem be caused by 
competition, but "mainly results from the poor ability of the larvae to find prey, even when in field 
experiments prey density is increased far above natural densities" (p. 340).  
Phenomenon (I) may be of dominant relevance, for limiting the growth of carabid populations and also 
of populations of many other species (see also ANDREWARTHA & BIRCH, 1954; ANDREWARTHA, 1957; 
BIRCH 1957). - Phenomenon (II) may apply, too, but in our opinion it has been rather hair-splittingly 
interpreted: if the ability to find food is so poorly developed in carabids, then competition for some kind 
of food that is easy to overwhelm and to be eaten should flare up at densities which are all the lower. In 
this context it has to be stressed that we use the term "competition" in a general sense, i.e. competition is 
not necessarily connected with any kind of antagonistic behaviour (however, sometimes it is in carabids, 
see below and the description of a "beetle battle" in Section 4.7). Competition for food, for example, 
means nothing other than "I would have eaten the piece of food, if a conspecific or heterospecific 
individual had not eaten it" (cf. TILMAN'S, 1980, resource-based competition theory, and WILBERT, 
1970). - Moreover, it has to be expected that the net reproduction rate in every carabid population is 
adapted to the mortality rate of the larvae, whether this rate is naturally relatively low or very high, so 
that any carabid population, like the populations of any other species of the animal kingdom, is able to 
grow positively, when in the habitat(s) the population is occupying, the environmental conditions are 
those to which the population is well adapted; under such circumstances every carabid population should 
be able to produce more reproductively active descendants than would be necessary for the maintenance 
of a constant abundance.  
Conspecific and heterospecific predation, as an extreme expression of competition, among carabids is 
well known from laboratory studies. If competitive interactions for natural resources really exist between 
heterospecifics, the stability of co-existence can be decisively influenced by the expression (unilateral or 
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mutual) and the strength of "intraguild" predation (KRIVAN, 2000). HEESSEN & BRUNSTING (1981) 
found cannibalism among the larvae of P. oblongopunctatus even at very low densities and conclude that 
cannibalism is an important factor in regulation of the abundance of this species in the natural habitat. 
Intraspecific predation amongst larvae is common in laboratory breeding stocks of Pterostichus cupreus 
even when the larvae are fed ad libitum (HEIMBACH, unpublished). Obviously, predatory exclusion was 
the reason why - as a rule - in laboratory rearings larvae of P. oblongopunctatus out-competed larvae of 
Pterostichus angustatus (PAARMANN, 1966), and larvae of Pterostichus nigrita those of Agonum 
assimile (THIELE, 1964). In a laboratory study with Pterostichus adstrictus and Pterostichus melanarius 
CURRIE et al. (1996) observed that predation by both conspecific and heterospecific adults significantly 
reduced larval survival, also in the presence of plenty of food, but, is aggravated when food level is 
lowered. It is, however, questionable whether from results of laboratory experiments one can deduce 
what is happening in the natural habitat; whether cannibalism and intraguild predation will occur in 
nature is not only a matter of the animals' density (which, of course, can be manipulated in any way in 
the laboratory); it is also a matter of the environmental microstructure and its influence on the animals' 
behaviour, and to simulate this in detail in the laboratory is rather difficult. For example, NIEMELÄ et al. 
(1997) introduced the alien species P. melanarius into field enclosures in Alberta, Canada, and found 
that P. melanarius had no negative effect on population size and body mass of native carabid species, 
amongst which was P. adstrictus.  
Given that living organisms depend on environmental resources, it is a plausible postulate that crowding 
and scrambling will eventually occur when some upper limit of abundance is reached. Therefore we 
consider intra- and interspecific competition for food, cannibalism and predatory "intraguild" interactions 
possible in natural carabid assemblages. On the other hand, we consider any type of so-called "indirect" 
competition, i.e. negative interactions between heterospecifics mediated for example by pathogens or 
parasitoids (REDMAN & SCRIBER, 2000), unlikely in carabid assemblages. 
In this paper we check for possible effects of intra- and interspecific competition inside a Carabus 
assemblage consisting of only two species: Carabus (Chrysocarabus) auronitens Fabricius 1792 and 
Carabus (Archicarabus) nemoralis Müller 1764. An individual marking-recapture experiment has been 
performed with C. auronitens since spring 1982; specimens of C. nemoralis were individually marked 
since spring 1992 (regarding the necessity to promote ecological research by long-term studies cf. MAY, 
1999). The area of investigation (0.2 ha) is within an oak-hornbeam forest in the Westphalian Lowlands 
(near the city of Münster). Until spring 1982 the area of investigation was surrounded by a fence that was 
not beetle-proof; in summer 1992 a beetle-proof fence was erected (HOCKMANN et al., 1998). The 
seasons evaluated for this paper extend through the autumn of 1998, and some data from spring 1999 are 
also considered.  
The C. nemoralis population reached a maximum abundance (217 individuals in the area of 
investigation) in spring 1994, the C. auronitens population in spring 1995 (625 individuals, Table 1-1). 
From 1995 until 1998 the abundance of C. nemoralis declined dramatically: down to 20 specimens. The 
number of C. auronitens individuals also shrank, but much less steeply: from 1996 until 1998 it fell to 
244 individuals. Two causes (I, II) for these changes are conceivable, although neither excludes the 
other.  
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Table 1-1 Numbers of C. auronitens and C. nemoralis individuals (females plus males) present in an area 
of 0.2 ha in the spring (all generations) and in the autumn (freshly emerged individuals only). 
Both species are univoltine spring breeder with summer larvae and teneral adults hatching in 
late summer/autumn ("autumn"). The area was surrounded by a fence in early spring 1982; this 
fence was not beetle-proof; it was replaced by a beetle-proof fence in summer 1992. For 
trapping program and individual marking see Section 2.2. - For C. auronitens Jolly-Seber 
estimates are given for spring seasons 1982 - 1992 and for autumn seasons 1982 - 1991; for 
C. nemoralis a Jolly-Seber estimate is given for spring season 1992 (from 1982 - 1991 
abundances of C. nemoralis are unknown) (Section 2.6 and 2.7). For autumn seasons 1992 - 
1998 and for spring seasons 1993 - 1999 the numbers of individuals inhabiting the enclosure 
are given. Numbers of individuals hatched in the autumn seasons 1992 - 1998 are corrected by 
winter mortality (Section 2.7; cf. Tables 3.2-1 and 3.2-2). The numbers of C. auronitens 
specimens in the spring seasons 1994 - 1998 include some individuals that were not active in 
the respective spring season (but recaught in the following spring season ; cf. Section 2.7). The 
very few immigrants observed after the beetle-proof fence had been erected are also included 
(cf. Section 2.2). - 1 For estimating the abundance of the young generation in the autumn 1996 
the mean winter mortality of the young generations of the years 1992, 1993, 1994, 1997 and 
1998 was used (Table 3.2-3). 
 
 C. auronitens C. nemoralis 
Jahr spring autumn spring autumn 
1982 421 289   
1983 375 84   
1984 252 166   
1985 256 267   
1986 315 300   
1987 403 <20   
1988 271 223   
1989 316 370   
1990 532 325   
1991 452 41   
1992 307 277 91 191 
1993 317 522 176 178 
1994 571 373 217 89 
1995 625 89 202 23 
1996 404 41 92 101 
1997 264 170 29 14 
1998 244 117 20 32 
1999 222  37  
 
(I) Both populations could have reacted largely synchronously to suboptimal abiotic conditions, but the 
reproduction/mortality balance in the C. nemoralis population was more strongly disturbed than in the 
C. auronitens population. Weather-synchronized changes of abundance in different carabid species (even 
those occupying different sites or habitats within the same region) have been described by GRÜM (1986) 
and GIERS-TIEDTKE et al. (1998).  
(II) The high peak numbers of Carabus specimens of both species, totaling 788 in the fenced area of 0.2 
ha in spring 1994 and even 827 in spring 1995, could have had negative feedback effects on reproduction 
rates and possibly also mortality rates, with much stronger actions on the C. nemoralis than on the 
C. auronitens population. If we find such feedback, competition (and/or any other density-dependent 
factor) could have been operating (cf. SOTA, 1987). If we do not find any form of negative feedback, an 
action of competition (or any other density-dependent factor) can be excluded. If competition had an 
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effect at all, several scenarios are imaginable. (II,1) Only intraspecific competition was effective in one 
or in both carabid populations; (II,2) only interspecific competition was effective; (II,3) both intra- and 
interspecific competition were effective.  
It is necessary to distinguish strictly between the possibilities (II,1, II,2 and II,3) (cf. CONNELL, 1983), as 
- for example - it is permissible to extrapolate from a situation within one of several co-existing 
populations to the within-population situation in the others, only if the niches occupied by the different 
species are identical. Of niche identity, however, one can never be sure in populations belonging to 
different species. In particular, one may not conclude that any kind of interspecific competition is lacking 
when within-population competition is not demonstrable: in case of shared preferences (WIESHEU, 
1998), a generalist whose niche includes the (smaller) niche of a specialist may effectively compete with 
the specialist (inside the specialist's part) even if no competition is demonstrable within either the 
generalist's or the specialist's population. The case (II,2) "lack of any intraspecific competition, but 
effective interspecific competition" could even be fulfilled when the abundance of the generalist is high. 
We have to take into consideration that interspecific competition could be asymmetrical: asymmetrical 
competition has been found to be the rule rather than the exception in natural assemblages (LAWTON & 
HASSELL, 1981; CONNELL, 1983; SCHOENER, 1983). Of course, the absence of all interspecific 
competition (for example because of possible niche differences; see above) also does not imply a lack of 
within-population competition .  
Our approaches to test the two possibilities (I, II) are the following. (I) We analyze the influence of 
weather events on the reproduction-mortality balance of the populations under study. (II) We test 
whether several individual and population parameters depend on the density of the population concerned 
(II, 1), on the density of the co-existing population (II, 2) and/or on the sum of the individuals of both 
populations (II, 3). The approaches employed are based on the suggestion that the strength of 
competition (and hence its influence on individual and population parameters) varies continuously within 
a broad range of abundances. The (improbable) possibility that competition becomes effective only, and 
then with the strongest efficacy, when a critical abundance (the "carrying capacity") is exceeded so that 
we are faced with singular limitation events, cannot be tested by our approach. However, it is more 
realistic to suggest that costs - for example, for obtaining food - increase continuously with increasing 
abundance over a broad range of abundances, and hence, for example, egg production rate per female 
decreases continuously with increasing abundance within this range (according the fundamental 
assumption of the LOTKA (1925)-VOLTERRA (1926) model). We will call this range beneath the carrying 
capacity the "range of density dependent food shortage" (RFS). One has to presuppose, of course, that 
the limit of the RFS of a species depends on the habitat type and, moreover, that it may fluctuate within 
the same habitat.  
The special circumstances here facilitate testing for interspecific competition as inside the enclosure only 
these two Carabus species (C. auronitens and C. nemoralis) are living. In the forest outside the enclosure 
C. coriaceus, C. arcensis and C. granulatus have also been found though they are rather rare. C. 
problematicus, abundant in other forests of the Westphalian Lowlands, is absent. In some years 
Calosoma inquisitor is abundant. Other carabid species abundant inside and outside the enclosure are of 
considerably smaller body size: Pterostichus niger, Abax ater, P. oblongopunctatus, Pterostichus 
rhaeticus, Agonum assimile, Nebria brevicollis, Loricera pilicornis, Trechus obtusus. Less abundant are 
the also smaller sized species Cychrus caraboides, P. melanarius, Abax parallelus and Patrobus 
atrorufus .  
Our aim was to collect as many data and observations concerning the life history of both species as 
possible, in order to estimate the degree of temporal and spatial overlap of the population niches 
(Sections 3.1 - 3.15). In the Westphalian Lowlands C. auronitens is restricted to forests, whereas 
C. nemoralis is a rather euryplastic species occupying arable fields, field banks, hedgerows, gardens, 
parks and forests (GRIES et al., 1973; KNAUST, 1987). Both species are flightless. Larvae and adults of 
both species are predators; the adults prey on larger invertebrates like earthworms, snails and caterpillars; 
both species are univoltine spring breeders with summer larvae and teneral adults hatching in late 
summer/autumn (LARSSON, 1939; THIELE, 1977 b; NIESING & WEBER, 1981; HEMMER et al., 1986; 
WEBER & KLENNER, 1987; KLENNER, 1989; ALTHOFF, 1992, 1994; NIEHUES et al., 1996). The body 
length (from the tip of the closed mandibles to the apex of the elytra) is 18.5 - 26.0 mm in female and 
18.5 - 25.0 mm in male C. auronitens (BAUMGARTNER et al., 1997), and in C. nemoralis it is 21.0 - 26.0 
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mm in females and 20.5 - 24.0 mm in males. Especially, we shall focus on traits like reproduction rates, 
mortality rates, rates of increase in body weight of the adults, seasonality, adult activity behaviour and on 
experiments concerning the availability of food for the adults; restrictively, it must be stressed, however, 
that for several traits to be described here, the data sets are too incomplete to be tested for density-
dependent expressions. But the description of such traits may also be useful, serving to illustrate the 
niches of the populations under study. 
In the case of C. auronitens intraspecific tests can be performed with several data sets measured since 
1982 or since a few years later. Other data sets for C. auronitens begin no earlier than 1992, when a 
beetle-proof fence was erected around the area of investigation. In the case of C. nemoralis data sets are 
available since 1992; hence both intraspecific competition in C. nemoralis and interspecific competition 
inside the Carabus assemblage can be examined on the basis of data measured since 1992. The data sets 
available for C. auronitens are not only longer but also contain more parameters than the data sets for C. 
nemoralis, as more individual characters have been regularly protocolled in C. auronitens. Nevertheless, 
we feel that the data sets are sufficient for tests concerning the three scenarios of competition (II,1; II,2; 
II,3). Tests for intra- and interspecific competition are carried out in Section 4.2. 
A negative regression of one or several parameters on density demands critical analysis whether such 
density dependence was merely simulated, for example by stochastically distributed bad-weather events. 
It will be shown that indeed this seemed to be mainly the case (Sections 4.3-4.5). Thus, as clear density 
dependences are not demonstrable in our data sets, we may conclude nothing other than that densities 
within the density range observed, and under the abiotic and biotic conditions effective during the period 
of investigation, did not influence the fluctuation of individual and population parameters.  
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2. Materials and Methods 
2.1 Site of investigation 
The site of the investigation is a semi-natural forest near Münster in the Westphalian Lowlands ("Forst 
Tinnen"; 525 ha). The soil is a water-damming sandy loam (pseudogley). Natural vegetation is the 
Querco-Carpinetum in the form of a Stellario-Carpinetum poor in plant species (BURRICHTER, 1973). 
The forest contains a relatively high proportion of beech trees, the growth of which was enabled by 
drainage ditches. The ground is covered by a layer of rotten leaves and a layer of rough mould (each 3 - 5 
cm thick). The present forest developed during the 19th century from a brushwood (NIEHUES et al., 
1996). The climate of the Westphalian Lowlands is influenced by the Atlantic Ocean. Summers are 
frequently relatively cool with much precipitation, winters mild with little snow. However, sometimes 
summers are hot and dry and winters rather cold, and then, occasionally, without snow covering. - 
Characteristically, oak forests in the Westphalian Lowlands show periods of mass reproduction of 
caterpillars every few years, especially of the lepidopteran species Tortrix viridana, Operophthera 
(Cheimatobia) brumata and Erannis (Hibernia) defoliaria. If the abundances of these caterpillars 
become very high, trees can be defoliated, but leaves are regularly regenerated during June (SCHÜTTE, 
1957; SCHWERDTFEGER, 1979). In the following the abundance of caterpillars is estimated with values 
between 0 and 8 for the years of this investigation (0 = no or very few caterpillars observed; 8 = mass-
abundance, trees were defoliated): 
 
1982 0 1988 6 1994 8 
1983 0 1989 0 1995 7 
1984 0 1990 5 1996 8 
1985 6 1991 1 1997 6 
1986 6 1992 2 1998 0 
1987 8 1993 0 1999 0 
 
The estimation is based on reports of the Forstamt Münster, a compendium by R. Blank, a compilation of 
M. Klenner and our own observations.  
2.2 Trapping and marking 
We have studied the population dynamics of C. auronitens on an area of 0.2 ha since 1982 (ALTHOFF et 
al., 1992), and the population dynamics of C. nemoralis on the same area since 1992. In spring 1982 114 
pitfall traps were set in this area; in autumn 1988 the number was increased to 152 traps, and in spring 
1989 to 171 traps (Ø of a trap: 9.5 cm). A piece of cork was placed in the traps as an "island" in case 
rainwater flowed in. During the activity seasons of these nocturnal beetles the traps were usually opened 
twice a week overnight (in autumn season 1993 there were some gaps in the capture program). The start 
of the spring investigation seasons was determined according to the behaviour of C. auronitens; hence 
the very early activity of C. nemoralis (cf. Section 3.3) was probably overlooked in some years.  
From spring 1982 until spring 1992 the area was surrounded by a fence that was not beetle-proof but 
considerably reduced the exchange of individuals with neighbouring areas (ALTHOFF et al., 1992). In 
summer 1992 the area was enclosed by a beetle-proof fence (NIEHUES et al., 1996), the tightness of 
which has been routinely monitored by trapping with 58 pitfalls along the outside of the fence. Tightness 
may be demonstrated by a protocol (Table 2-1): in spring 1998 243 female and 300 male C. auronitens 
were trapped in the outside pitfalls. They were marked by a blue spot. 62 times and 100 times, 
respectively, a blue beetle was recaptured in the outside pitfalls, however, no blue beetle was trapped in 
the pitfalls inside the enclosure. Thus, the unmarked beetles trapped in the enclosure during the spring 
season 1998 probably hatched in the autumn 1997, but were not caught during this season. From A'92 till 
A'98 altogether 3479 beetles were coloured after trapping in an outside pitfall; 772 times a coloured 
beetle was retrapped there, but only a very few immigrants have been detected inside the enclosure: one 
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male C. auronitens in spring '96, one female and one male C. auronitens in spring '97. Between A'92 and 
A'98 no emigrant was recorded, but one male emigrant in S'99. 
In some years during wintertime the fence was destroyed for a few meters by falling tree branches; in 
winter 1998/99 the enclosure had to be opened at several points to allow drainage of rainwater. To check 
whether C. nemoralis, which is probably active to some degree during the winter (Sections 3.12 and 
3.15), used these temporary gaps to leave the enclosure or to immigrate into it, we also marked 
C. nemoralis specimens trapped around the enclosure with a coloured spot. In spring and autumn 1996 in 
the 58 outside traps and in additional 64 traps positioned near the enclosure (maximum distance about 58 
m) 391 specimens were trapped and coloured. From spring '97 until autumn '98 we coloured 553 
individuals in the 58 pitfalls along the outside of the fence. In the period spring '96 through autumn '98 
altogether 272 captures of coloured beetles were recorded outside the enclosure, but only three 
immigrants were trapped inside the enclosure (one male in 1994, April 14; two males in the early spring 
1999, March 16 and March 19). Moreover, we protocolled one male emigrant in October 1996 and two 
more male emigrants in September 1999. Therefore there may indeed have been a small exchange of 
individuals, which could cause an underestimate of the adult survival probability (Section 3.2). Net 
reproduction (Section 3.2) could be underestimated if freshly hatched specimens emigrated before being 
trapped at least once in the enclosure, or overestimated if unmarked specimens immigrated, for example 
during the winter. 
Beetles of C. auronitens trapped inside the enclosure were individually marked since 1982. Beetles of 
C. nemoralis that were trapped inside the enclosure were merely counted through the seasons 1982-1991; 
but since spring 1992 they were also marked individually. The individuals were usually marked by 
polishing small spots on the elytra (ALTHOFF et al., 1992). Marking by polishing is difficult in freshly 
hatched beetles with very soft elytra. Therefore, in the autumn season 1993, teneral beetles of 
C. auronitens were individually marked at first capture by spots of coloured paint. Unfortunately, these 
markings were not durable, and after a recapture several coloured beetles could not be identified 
individually with certainty. Therefore the coloured beetles were marked individually by polishing after 
recapture in a mature state. In autumn 1995 newly hatched beetles of C. auronitens and C. nemoralis 
were marked individually by cauterization (SCHJØTZ-CHRISTENSEN, 1965). In all other autumn seasons 
the beetles were individually marked by polishing at first catch (regardless of the status of cuticle 
maturation).  
Table 2-1 Number of C. auronitens trapped outside the enclosure in 58 traps along the fence and inside 
the enclosure in 171 traps in spring season 1998. - "Outside the enclosure": number of 
unmarked beetles; in brackets: number of retrapped beetles marked with a blue spot at a 
previous catch outside the enclosure; below, the total number of the catches is given. - "Inside 
the enclosure": number of beetles marked individually with a polished mark, when previously 
caught inside the enclosure; in brackets: number of beetles unmarked; these beetles probably 
hatched in autumn 1997; below, the total number of the individuals is given. 
 
 outside the enclosure inside the enclosure 
trapping day females males females males 
March 17 4 (1) 11 (2) 17 8 (1) 
 20 0 0 1 0 
 24 0 0 0 0 
 27 7 (2) 21 (7) 40 15 (1) 
 31 27 (7) 65 (16) 61 (3) 44 (4) 
April  3 6 (3) 10 (5) 49 (2) 21 (1) 
 7 3 (0) 10 (5) 41 19 
 10 1 (0) 0 16 7 
 14 0 0 1 0 
 17 1 (0) 3 (2) 7 4 
 20 2 (1) 9 (6) 43 (2) 19 
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 outside the enclosure inside the enclosure 
trapping day females males females males 
 24 28 (8) 35 (12) 82 (2) 49 (2) 
 27 4 (2) 7 (2) 47 (1) 26 
May 1 7 (0) 22 (8) 57 (2) 33 
 4 4 (1) 4 (0) 20 (1) 13 
 8 15 (8) 18 (3) 37 27 (1) 
 11 52 (6) 22 (7) 70 (2) 48 
 15 18 (2) 14 (4) 72 37 (1) 
 18 19 (2) 4 (1) 60 28 (1) 
 22 3 (1) 1 (1) 21 6 
 25 3 (0) 5 (0) 24 9 
 29 16 (3) 12 (4) 36 (1) 16 
June 3 14 (7) 9 (4) 46 16 
 5 3 (3) 6 (4) 28 11 
 8 2 (1) 3 (3) 15 10 
 12 3 (3) 3 (2) 5 6 
 15 1 (1) 2 (2) 14 8 
 19 0 1 (0) 11 3 
 22 0 3 (1) 16 7 
∑ catches 243 (62) 300 (101)   
∑ inds.   163 (16) 81 (12) 
 
Exceptionally, the 1995 generations of C. auronitens and C. nemoralis showed a rather low survival rate 
(Table 3.2-3); thus, it is possible that cauterization reduced the individuals' survival fitness. In addition, 
the 1995 generation of C. auronitens had a small body size and a low hatching weight: the mean body 
size (Table 3.11-4) and the absolute mean weights of females and males (Table 3.13-3) were the smallest 
found for any generation, and the relative mean weights (mg/mm; Table 3.11-5) were the smallest in the 
case of males, and in females the second smallest. Nevertheless, it is our impression that the low survival 
rate from autumn 1995 to spring 1996 was at least partly influenced by cauterization for individual 
marking. In C. auronitens the application of this unsuitable method could unfortunately have coincided 
with a generally low fitness of the young generation (also the net reproduction rates of C. auronitens and 
C. nemoralis were low in 1995: Table 3.2-5). That is, despite the low fitness a much larger proportion 
would probably have survived if the more suitable method of polishing for individual marking had been 
applied (cf. also Sections 3.11 and 3.13). In contrast to C. auronitens, the mean body size of the autumn 
1995 generation of C. nemoralis was not conspicuously small (Table 3.11-8). 
In 1994, on June 24, 8 artificial resting quarters were exposed in the enclosure. Each unit of the artificial 
resting quarters consisted of 3-4 wooden planks (each about 125 x 37 x 4 cm) with interspaces of about 
1.5 cm. The units were positioned in pairs, side by side, on the ground. The spaces between the planks 
were filled with peat soil.  
2.3 Temperature 
Temperature and humidity of the air near the ground were measured by a thermo-hygrograph exposed 
near the enclosure. In order to estimate the temperature dependence of trapping rate we used the 
temperature measured at 21.00 MET (corresponding to 22.00 MEST). Figs. 2-1 a, b give the coefficients 
of correlation between temperatures measured at different times during the night and the trapping rates in 
C. auronitens females for two periods in the spring season 1990 (March 23 - April 26 and May 22 – 
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June 8): it becomes evident that 21.00 MET is within the clocktime interval in which temperature 
determines the trapping rate to a high degree.  
Daily mean temperatures (DMTs) used in this article were measured by the meteorological station in 
Münster or in Greven near Münster. 
 
 
 
 
 
 
 
Figs. 2-1 a-b Coefficient of the product-moment correlation between the temperature of the air near the ground, 
measured every half hour during the night, and the number of female C. auronitens caught during 
the night for two intervals of the spring season 1990: March 23 - April 26 (Fig. 2-1 a) and May 22 - 
June 8 (Fig. 2-1 b). Time of day is MEST. Vertical lines give the limits of error probability (%).  
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2.4 Individual parameters 
In C. auronitens, the following individual parameters were routinely recorded: dates of captures, length 
of the body (from the tip of the closed mandibles up to the tip of the elytra; rounded to half mm), weight 
development during reproductive season and postecdysial maturation (weight development and process 
of cuticle hardening).  
In C. nemoralis, individual dates of capture were routinely protocolled (since spring 1992) as in C. 
auronitens, but the other parameters were not regularly protocolled; weights were measured in two 
spring seasons; and also the postecdysial maturation process has only occasionally been assessed.  
In order to estimate the process of postecdysial integument maturation four states of cuticle sclerotization 
were distinguished by finger pressure: "very soft" - even slight pressure leads to deformations of the 
elytra which do not return elastically; "soft" - elytra react elastically to slight deformations; "nearly hard" 
- elytra react elastically to slight and strong pressure; "hard" - elytra can no longer be deformed 
elastically (cf. ALTHOFF et al., 1992). As this method is not free of subjective errors Peter Hockmann 
(Table 2-4) constructed an apparatus for measuring the hardening of the elytron cuticle: the minimum 
pressure necessary to slightly deform the cuticle was measured with a small stylus (Fig. 2-2). The stylus 
was a pin head with a breadth of 1.48 mm and a height of curvature of 0.26 mm. The exact pressure (g) 
corresponding to the extension of a spring balance by the tractive power of a motor was calibrated by 
means of a fine-scaled balance. The minimum pressure necessary to slightly deform the cuticle was read 
from a scale by means of a hand fixed to the axis of the motor.  
The maximum pressure which could be applied without cracking the hardened elytra was 90 g; the gram 
scale was linearly subdivided into 60 degrees of hardening (60° corresponds to 90.00 g). Table 2-2 gives 
the correspondence between hand-estimated sclerotization classes and the hardening degrees measured 
by HOCKMANN'S apparatus.  
 
 
 
 
Fig. 2-2 An apparatus for measuring the hardening of the elytron cuticle. The minimum pressure necessary 
to deform the cuticle with a small stylus is measured by the extension of a spring balance. The 
motor can continuously be regulated by a transformer (not shown).  
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Table 2-2 Relation between estimates of the status of elytron sclerotization of C. auronitens obtained by 
hand pressure and by mechanical measuring. The mechanical measurement gives values 
between 0° - 60° hardening. By hand pressure hardening is estimated as very soft, soft, nearly 
hard or hard. 
 
degree of hardening (°) very soft soft nearly hard hard 
 percentages of beetles 
1-5 56.0 0 0 0 
6-10 38.5 15.5 0 0 
11-15 4.9 27.4 0.6 0 
16-20 0.5 20.0 3.4 0 
21-25 0 17.4 6.9 4.3 
26-30 0 9.3 10.9 0 
31-35 0 4.8 13.7 0 
36-40 0 3.5 14.3 8.5 
41-45 0 0.3 13.7 6.4 
46-50 0 1.3 10.3 6.4 
51-55 0 0 10.3 10.6 
56-60 0 0 6.3 6.4 
>60 0 0.3 9.7 57.4 
total number of beetles 182 310 175 47 
 
For examination of the endocuticle maturation status in C. auronitens, microtome cross-sections of the 
hind or middle tibia were analyzed under the polarizing microscope (specimens trapped outside the 
enclosure were used); histological methods were described by WIEDENMANN et al., 1986. 
We dissected C. auronitens females in order to evaluate the maturation status of the oocytes: 
euplasmatic, vitelline and chorionized oocytes were distinguished; moreover, the ovarioles were 
examined for the presence of corpora lutea (KERN, 1912). Both females and males of C. auronitens were 
dissected to evaluate the development of the fat body; the following criteria were applied: - no fat body is 
visible in the abdomen opened dorsally; + the inner sides of the sternites are covered by fat body tissue, 
but they are still visible; ++ the inner sides of the sternites are covered by a big fat body, they are not 
visible; +++ the abdomen is filled with overflowing fat body, and the inner organs are difficult to detect.  
2.5 Description of seasons 
The course of a season is described by the "curve of the cumulative number of individual first captures 
(CNF)" and the "curve of the cumulative number of individual last captures (CNL)" (abscissa: days of 
the season; ordinate: cumulative number of individuals) (BAUMGARTNER et al., 1997). Cumulative 
curves were calculated either for all individuals caught in a season, or for distinct groups, e.g. for 
survivors and non-survivors of a season, for individuals teneral at first capture (in the autumn) or for the 
individuals of a distinct generation (in the spring). For intraspecific and interspecific comparisons, the 
ordinate of cumulative curves was divided mostly into 25% fractions (e.g. Figs. 3.3-1 - 3.3-4, 3.3-6 and 
3.12-2 - 3.12-5), in some cases into two 50% fractions. However, we avoided splitting the catch from a 
given catching day: the whole catch on a distinct day belongs to a distinct fraction, and thus, the number 
of the beetles within a fraction is usually different from exactly 25% or 50%.  
2.6 Estimation of abundances 
Abundances were estimated by the method of JOLLY & SEBER (SOUTHWOOD, 1978). Using tables which 
contain the individual capture-recapture data (Table 2-3) we calculated Jolly-Seber estimates for every 
trapping day. Because of asynchronies of the individuals' seasonality we used the data from two or three 
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successive seasons to estimate the abundance for a given spring season (Si) and for a given autumn 
season (Ai) (BAUMGARTNER et al., 1997). For estimating abundance in the spring season Si usually Si-1-
Ai-1-Si tables were constructed (cf. Figs. 3.3-5 a, b) (Si-Ai-Si+1 tables were used for the first spring season 
1982). Ai-Si+1 tables were constructed for estimating the abundance in the autumn season Ai. For special 
examinations, we used only the data for the respective season to estimate daily abundances ("small Jolly-
Seber tables"). Jolly-Seber estimates are judged to be reliable when nj ≥ 10% Ñj and Rj > 5 (nj number of 
individuals trapped at day j; Ñj Jolly-Seber estimate for day j; Rj number of beetles caught at day j and 
recaught at least once later). The Jolly-Seber estimates given for the spring seasons refer to a period in 
which the Jolly-Seber estimates calculated for the single trapping days are fairly constant (the "plateau 
period" within a spring season). The spring plateau periods lasted from the middle of April until a 
variable time-point in May when the number of active specimens started to decline (cf. Fig. 3.3-5). The 
Jolly-Seber estimates for the distinct trapping days of the plateau period were weighted by the square-
root of their variance (the variances were calculated by the formula given by SOUTHWOOD, 1978) and 
then averaged: Ñplateau=∑Ñj2/SDj/∑Ñj/SDj (examples of standard deviations are given in ALTHOFF et al., 
1992, and in the legend of Fig. 3.3-5). During autumn the single day estimates increased over the course 
of the season; at the end of the season they were fairly constant at the highest level over several trapping 
days. Also, for an autumn season a "season estimate" was calculated by averaging the weighted single-
day estimates from this autumn plateau period.  
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Table 2-3 An excerpt from the trapping table for female C. auronitens caught in spring 1994, autumn 
season 1994 and spring 1995. Left column: decoded individual number (arranged in ascending 
order). The symbol "1" represents a capture of that individual. Spring 1994: March 3 - July 7 
(31 trapping days); autumn season 1994: July 12 - Oct. 26 (25 days); spring 1995: March 15 - 
July 4 (31 days). The total table (519 females) is an Si-1-Ai-1-Si table from which the parameters 
of the Jolly-Seber formula were calculated for the trapping days in spring 1995.  
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2.7 Calculation of net reproduction rates 
Net reproduction rate (Bi) in C. auronitens was calculated as the quotient "number of beetles active in 
autumn season i divided by number of females active during the plateau period in spring season i" 
(surviving old beetles are largely dormant during the autumn season, ALTHOFF et al., 1992). In C. 
auronitens, the number of females present in the plateau period in spring was estimated by the Jolly-
Seber method (Section 2.6). Thus, females that disappeared early in a spring were not considered in 
estimating net reproduction rates. From 1982 till 1992 the number of reproducing females was calculated 
from the Jolly-Seber estimates of the total number of C. auronitens individuals, taking into account that 
the proportion of females in the total number of individuals (Jolly-Seber estimates) during the plateau 
period was on average 59.5%, as in the spring seasons 1993 - 1999 (varying between 55.3 and 66.5%). 
Alternatively, we also calculated the number of reproducing females on the basis of less biased sex ratios 
of either 55/45% or 57.5/42.5% between 1982 and 1992 (see Sections 4.2 and 4.3). For the plateau 
period of the spring seasons 1993 - 1998 the numbers of females and males were separately calculated by 
the Jolly-Seber method. Despite the dense arrangement of the pitfalls and despite the "dense" trapping 
program, in the beetle-proof enclosure a few C. auronitens specimens were not trapped in most spring 
seasons, although they survived and were retrapped in the following spring season i+1 (BAUMGARTNER 
et al., 1997, cf. Section 3.4). These animals are considered by      Si-1-Ai-1-Si tables as loss; however, 
because in any case they were present during the plateau period of the spring season i they were added to 
the Jolly-Seber estimate of the plateau period of the spring season i. Even if these animals are not only 
locomotorily, but also reproductively inactive, they have to be considered for characterizing the 
reproductive success of the population in the respective years. - In the less abundant C. nemoralis, the 
number of individual females caught at least once in a spring season was taken as the number of 
reproducing females.  
For the autumns 1982-1991 the number of young C. auronitens beetles hatched in an autumn season was 
also estimated by the Jolly-Seber method: the mean weighted estimate of the plateau period at the end of 
the autumn season was taken as the abundance of young beetles. After the enclosure had been made 
impenetrable, in both C. auronitens and C. nemoralis the number of individuals hatched in the autumn 
was used to calculate the net reproduction rate (HOCKMANN et al., 1998).  
However, some young beetles of both C. auronitens and C. nemoralis were trapped not in the autumn, 
but no earlier than in the following spring. After the beetle-proof enclosure had been erected, the young 
specimens not trapped in the autumn i, but in the spring i+1, were considered for a more exact 
calculation of the net reproduction rates: considering the winter mortality of the young beetles trapped in 
the autumn, the total number of individuals not caught in the autumn was estimated (for example, in the 
autumn 1993, 201 female individuals were trapped, of which 157 were retrapped in the spring season 
1994; additionally 62 unmarked females were trapped in the spring season (Table 3.2-1); thus the 
number of females hatched in the autumn season 1993 is estimated as {201 + 62 x 201/157 = 280}). In 
order to estimate the number of young specimens in the autumn 1995 we used the observed (relatively 
high) winter mortality of these generations. Even when the winter mortality was artificially enlarged (see 
Section 2.2) and in reality was as small as in other years, this has no influence on the calculation of Bi in 
1995 as the number of unmarked individuals trapped in the spring 1996 was rather small (1 in C. 
auronitens; 0 in C. nemoralis; cf. Tables 3.2-1 and 3.2-2). For estimating the abundances of the young 
generations of C. auronitens and C. nemoralis in the autumn 1996 the mean winter mortality of the 
young generations of the years 1992, 1993, 1994, 1997 and 1998 was used (Table 3.2-3).  
Despite the limitations of the Jolly-Seber method (CAROTHERS, 1973; GILBERT, 1973), in our case Jolly-
Seber estimates of C. auronitens abundance are consistent with each other insofar as even from 1982 till 
1992, while the enclosure was not beetle-proof, the year-to-year differences of the spring estimates 
(ÑS,i+1-ÑS,i) are positively correlated with the numbers of young beetles in the autumn i (young beetles 
1982-1991: Jolly-Seber estimates, young beetles 1992-1998: numbers of individuals caught): 
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1982/83 - 1998/99: rs = + 0.7745; p = 0.000; r = + 0.8361; p = 0.000; n = 17;  
1982/83 - 1991/92: rs = + 0.7333; p = 0.016; r = + 0.7590: p = 0.011; n = 10;  
1992/93 - 1998/99: rs = + 0.8214; p = 0.023; r = + 0.9084, p = 0.005; n =   7.  
 
For the spring seasons from 1993 until 1999, when the enclosure was beetle-proof, total numbers of 
individuals observed inside the enclosure during a spring season and Jolly-Seber estimates for the plateau 
period of the respective spring season were extremely highly correlated:  
 
rs = + 0.9643; r = + 0.9942; p = 0.000 for both coefficients (n = 7).  
 
However, as can be expected because of intraseasonal mortality, the estimate (y) for the plateau period in 
a spring season was regularly somewhat smaller than the total number of individuals (x) observed during 
a whole spring season: y = + 0.9428 x - 14.9247. For the spring seasons 1982 - 1992 Jolly-Seber 
estimates (y) for the plateau periods are positively correlated with the maximum number (x) of 
specimens caught per night in the respective season (Table 3.1-1): 
 
rs = + 0.5273; p = 0.096; r = + 0.6063; p = 0.048; y = + 1.2097x + 251.9378; n = 11.  
 
From these correlations it can be concluded that the Jolly-Seber method gives reliable estimates of the 
number of individuals, not only for the plateau period in the beetle-proof enclosure (1993-1999), but also 
for the plateau period in the open enclosure (1982-1992).  
2.8 Feeding experiments 
For special investigations (feeding experiments, behavioural, physiological, histological and anatomical 
studies; Sections 2.4, 2.8 - 2.13) specimens trapped outside the 0.2 ha enclosure were used. In order to 
evaluate the food availability for C. auronitens in the enclosure during the spring season, we compared 
the weight development of beetles trapped in the enclosure and of other beetles that were kept in pairs in 
plastic pails (Ø 26 cm, height 29 cm) filled with peat. The bottom and lid of the pails were furnished with 
a window that was closed with fine wire-mesh. The pails were placed into shallow depressions in the 
forest floor. Twice a week the beetles were fed ad libitum with pieces of large cockroaches (Blaberus 
craniifer) (we observed that this food is promptly accepted by hungry beetles, which eat all the soft 
tissues). The experiment was performed in 1995, when the abundance of C. auronitens in the enclosure 
was at its maximum (625 individuals, corresponding to 3.1 beetles per 10 m2; Table 1-1).  
In order to test whether under natural conditions C. auronitens compete intraspecifically for limited food, 
we modified a feeding experiment that was originally applied by LENSKI (1984) to test for interspecific 
food competition in two Carabus species. In the Forst Tinnen we erected two round beetle-proof 
enclosures (Ø 10 m), each with 75 pitfalls along the inner side of the fence. The beetles introduced were 
individually marked. The beetles in the experimental enclosure were divided into two groups: the 
animals of the one group were fed ad libitum after trapping (the "feeding group"), the animals of the 
other group as well as the animals of the control enclosure were not fed after trapping. The traps were 
opened for one night twice a week. All animals trapped were transported into the laboratory for 
weighing. The animals trapped in the control enclosure and the animals belonging to the non-feeding 
group of the experimental enclosure were released again on the same day before sunset. The trapped 
animals belonging to the feeding group were separately kept overnight in the laboratory and fed ad 
libitum with pieces of cockroaches. After being weighed again next morning they were also released. 
The experiment was performed in the spring season of 1991 (1), 1993 (2) and 1994 (3). The number of 
beetles (of unknown age) released into each enclosure was (1) 86-87, (2) 80 and (3) 122, corresponding 
to (1) 2.74-2.77, (2) 2.55 and (3) 3.88 beetles per 10 m2. Sex ratio was 1 : 1. The density of 3.88 beetles 
per 10 m2 was higher by 24% than the highest natural density measured up to now (Table 1-1). In the 
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experiments (1-3) the beetles were kept for feeding in the laboratory at 17 °C (1), 21 °C (2) and 12-14 °C 
(3). The parameters measured in these experiments were: number of feedings per animal, quantity of 
food consumed per individual and feeding, total activity (proportion of the number of catches recorded in 
the possible maximum number of catches), starting weight, weight increase during the season, CNL, net 
reproduction and mortality (for details see Tables 3.6-7 a, b).  
In order to investigate the dependence of postecdysial maturation on food intake, feeding experiments 
were performed in the forest during the autumn seasons 1985 - 1987. Freshly hatched individuals of 
C. auronitens were kept separately in glass jars (1.0 or 0.5 l; with moist peat) placed on the floor of the 
forest. The jars were closed with a piece of cloth and protected against rain by a transparent roof. The 
beetles confined to the jars were fed with various amounts of lean minced meat.  
2.9 Breeding experiments with C. auronitens in the laboratory 
One of us (U. H.) succeeded in breeding C. auronitens in the laboratory. Beetles were collected near 
Münster in the Westphalian Lowlands. The procedure described in the following refers to the F1 
laboratory generation (the F2 generation did not reproduce in the laboratory). For breeding, small groups 
of males and females were reared in containers of at least 400 cm2 on a mixture of moist peat and 
sterilised compost soil. The summer period lasted 2-3 months, during which the beetles were exposed to 
16 hrs light per day of some 100 lux and constant temperature of 20 °C. After a summer period, 
surviving animals were transferred to winter conditions again (see below). Eggs were isolated and 
transferred on to moist filter cardboard (continuous darkness, 20 °C). Larvae, also separately because of 
cannibalistic behaviour, were reared in small plastic tubes (Ø 3.5 cm; height 8 cm) filled for 6 cm with 
loose moist peat (continuous darkness, 20 °C). In these tubes they also could pupate. Freshly hatched 
adults were separately reared on moist peat under summer conditions for at least 3 weeks. Then, they 
were transferred immediately to winter conditions for 2 - 6 months (5 °C; 8 hrs light per day), or in some 
experiments, initially to transient conditions for 3 - 4 weeks (15 °C; 12 hrs light per day) (with no 
significant effect on reproductive activity in the following summer period). Adults under summer 
conditions and larvae were fed ad libitum with halved frozen pupae of Calliphora twice to three times a 
week; adults under winter conditions were supplied with the same food once or twice per 14 days.  
2.10 Harmonic radar tracking 
We tracked C. auronitens females and males by the harmonic radar method first applied to carabid 
ecology by MASCANZONI & WALLIN (1986), (WALLIN & EKBOM, 1988; HOCKMANN, 1989; NIEHUES et 
al., 1996). The radar waves, transmitted at 915 Hz, were reflected by a Schottky diode (AA 119) with the 
frequency doubled. The diode was connected to an antenna 16 cm long and consisting of insulated 
copper wire (Ø 0.2 mm); the wire was shortened to 5-6 cm by twisting around itself. The diode was 
glued on to the elytra of the beetles. The range of position-finding was 5-6 m on the ground; localizations 
were possible within a range of a few cm. In some cases the diode AA119 was connected additionally to 
a diode of the type HP 2835 (no enlargement of the range). The weight of the total reflector was 20-50% 
of the body weight. We did not get the impression that a beetle carrying this weight was handicapped in 
running on the ground or in climbing up trees, though it may have had difficulty to dig into the substrate. 
The beetles remained free on the forest floor for a fairly long time (4 days to 4 weeks). The positions of 
the beetles was checked every 30 - 60 min from sunset till usually midnight and furthermore once in the 
morning after sunrise (for the monitoring program see Section 3.8). The positions of a beetle were 
marked with numbered pins. The lengths of paths between the pins and the direction of the paths 
between two successive pins were measured by a centimetre tape and a compass, respectively. Thus, the 
path taken by a beetle between two successive radar localizations is characterized by (1) length (l), (2) 
compass point (α) (measured clockwise from North) and (3) turning angle (ϕ) related to direction of the 
previous path (Fig. 2-3).  
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Fig. 2-3 Description of the paths of a beetle tracked by harmonic radar. A beetle is localized at positions i-1, 
i and i+1. - li is the length of the path between positions i-1 and i. - αi is the compass direction of the 
path between the positions i-1 and i (measured clockwise from North = 0°). ϕi is the turning angle. 
i. e. the angular difference between the directions of successive paths (modified from HOCKMANN et 
al. 1989). 
 
2.11 Circular orientation enclosure 
We studied the orientation behaviour of C. auronitens and C. nemoralis females and males in two 
circular beetle-proof enclosures (enclosure A: Ø 19.5 m; B: Ø 10.0 m). Along the inner side of the plastic 
fence pitfalls were placed at distances of about 5 degrees of arc (72 and 36 pitfalls, respectively). Pitfalls 
were usually checked several times between sunset and midnight and furthermore once after sunrise (for 
the capturing programs see Section 3.8). Beetles released into the enclosures were individually marked 
by colour spots. Beetles captured in the pitfalls were identified and collected in a pail; after the 
experimenter had patrolled the whole enclosure, they were released in the centre of the enclosure.  
In order to investigate the influence of the earth's magnetic field on orientation we glued a bar magnet to 
the elytra of beetles, with either the South or North Pole towards the head. The power of the artificial 
magnetic field at the beetles' head was 2.5-4.0 Oersted (5-8 times stronger than the natural magnetic field 
in Middle Europe, Schöne, 1980). Control specimens were loaded with a piece of copper of similar 
weight and size. The weight of the magnet and the piece of copper was 47-100% of the body weight.  
2.12 Locomotor activity recording of C. auronitens in the laboratory 
5 females and 12 males collected from the forest were monitored individually in actographs in a 
ventilated climate box during the month of May. The bottom of the actographs (Ø 12 cm) consisted of 
gypsum which was kept moist by an inserted small water bottle (see the actograph figured in RUSDEA, 
1992). The lid of the actographs was made of transparent plastic. The animals were fed with a small 
piece of minced meat every few days at different times of day. Temperature was kept constant at 15 °C 
(with an aperiodic trend of ±0.5 °C). The light regime was changed in the following way: for 15 days 
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12:12 hrs light-dark cycles (LD) with 12 hrs white light of 15-125 lux (depending on the position of the 
actograph in the climate box) and 12 hrs 0 lux; then for 11 days continuous darkness (DD, 0 lux); finally 
for 12 days continuous dim white light (LL, 0.5-5 lux). - The actographs were equipped with an infrared 
recording system for recording the animal's movements. Every ten minutes the number of passages 
through the infrared beam was transferred to a tape.  
2.13 Overflow experiments 
Specimens of C. auronitens and Carabus irregularis were collected from resting places in rotten wood 
during winter and kept in the laboratory in moist peat soil at 2 °C. For the overflow experiments 20 
individually marked beetles were kept in a plastic vessel of 22.5 x 12.0 x 11.5 cm and filled with 150 g 
dry peat soil that had been moistened with 250 ml water. After some more days of acclimatisation, when 
the beetles had dug themselves into the soil, the vessels were flooded with an additional 1.2 l water that 
had also been cooled to 2 °C. The overflow period lasted 10 or 20 days; during this period it was 
protocolled once every day which beetles were at the surface of the flooded soil (emerged) and which 
were submerged. After the overflow period the beetles were transferred on to moist peat soil and kept for 
37 days at 2 °C, and thereafter for 30 days at 8 °C. Then the number of dead, moribund (showing 
uncoordinated movements) and alive (sound) beetles were protocolled.  
For measuring the accumulation of lactate in the hemolymph of submerged beetles, in another series of 
experiments a drop of hemolymph of exactly known volume (mostly 20 µl) was sucked off the beetles by 
a capilette immediately after the overflow period. The drop was blown into 1 ml of system solution 
contained in a 2 ml Eppendorf vessel. Lactate concentration was measured enzymatical-
amperometrically with the Eppendorf "EBIO plus" apparatus (precision: ±0.01 mM). The reaction 
scheme is the following: at a membrane containing the active, immobilized enzyme lactate oxidase, 
lactate is oxidized to pyruvate and hydrogen peroxide. The latter is oxidized at a platinum electrode. - 
Beetles from which hemolymph had been sucked off were not used for the survival test.  
2.14 Statistics  
We applied the following tests (SACHS, 1992; SOKAL & ROHLF, 1995): - linear regression (with b = 
regression coefficient, and sb = the standard error of the regression coefficient; deviation of the regression 
coefficient from 0 is tested by t-test; r2 = coefficient of determination); - multiple regression (with bpart = 
conventional partial regression coefficient, and r2mult = coefficient of multiple determination); - Pearson's 
product moment correlation (with r = coefficient of correlation); - if outliers are suspected, Spearman's 
rank correlation is calculated (with rs = coefficient); - goodness of fit test for checking an observed 
frequency distribution for conformity with an approximated theoretical distribution; - chi2-test after 
BRANDT & SNEDECOR for checking two observed frequency distributions (with more than two classes) 
for conformity; - Woolf's G-test for checking two observed frequency distributions with two classes for 
conformity (with values corrected according to Yate); - t-test for checking the conformity of two means 
with equal variances, or with possibly unequal variances. - Exclusively, two-tailed tests have been 
applied. As a rule, results of statistical analyses with p ≤ 0.10 will be discussed as relevant .  
In order to characterize the conditions of reproduction and development we used means of several 
reproductive and developmental parameters as variables in regression and correlation analyses. This is 
fair as we want to analyze the dependences of the parameters of distinct generations, but not of single 
individuals. If, nevertheless, the individual parameters are used in such analyses instead of the means of a 
series of generations we obtain extremely low error probabilities (because of the high number of 
individual cases; not shown), whereas the means correlated with or regressed on the respective 
independent variable at a much lower level of significance. On the other hand, the respective coefficient 
of determination (r2) was much higher when means were used. - The standard error of means remains 
unconsidered in the present regression and correlation analyses. In the respective tables, however, we 
give not only the means, but also the respective standard deviation (SD) and the number of individual 
cases (n). - Regression and correlation analyses were also performed with the coefficient of variation, 
CV=SD/mean, as variable. 
 
Behavioural, reproductive and developmental seasonality in Carabus auronitens and Carabus nemoralis 
 Mitt. Biol. Bundesanst. Land- Forstwirtsch. 382, 2001 26 
Circular statistics (SCHMIDT-KOENIG, 1975; BATSCHELET, 1981): - Raleigh's test for checking n ≥5 
angle values for clustering (with a = length of the mean vector; α = angle {clockwise from North=0°} of 
the mean vector); - and Rao's spacing test for checking n = 4 angle values for clustering; - angle doubling 
in the case of axial (bimodal) distributions of angle choices and checking the resulting unimodal 
distribution with Raleigh's test for clustering; - Batschelet's test for checking the conformity of an 
observed mean direction with an expected direction; - Watson's two-sample test for checking two 
observed groups of angle values for conformity. - In circular statistics results with p ≤ 0.05 will be 
discussed as relevant. 
The series of locomotory activity data recorded every 10 min with the IR-actograph in the laboratory 
(2.12) were checked for a periodicity by the periodogram analysis of LAMPRECHT & WEBER (1970). The 
analysis was applied to the data recorded during the last 8 days under LD, during all (11) days under DD 
and during all (12) days under LL (cf. 12.12). The periodogram indicates the period length of a putative 
periodicity by a minimum. The distance of the minimum from the level of noise is a measure for the 
precision of the periodicity: the distance is one in the case of an undisturbed periodicity, regardless of the 
form of the periodicity (LAMPRECHT & WEBER, 1977). The significance of a period indicated by a 
periodogram was tested by chi-square statistics at the basis of the modified Enright periodogram 
(SOKOLOVE & BUSHELL, 1978). For this purpose the original data recorded every 10 min were pooled 
hourly. The program has been written by ROBERT BAUMGARTNER (Table 2-4). 
2.15 Time of day 
The term "day" refers to a 24-hr period; we distinguish "light" and "dark". Time of day refers to Middle 
European Summer Time (MEST). Local sun culmination is around 1330 MEST. 
2.16 Documentation 
Most results considered in this article were carried out by F.W.'s students for their teacher's examination, 
diploma or doctoral thesis. The papers listed in Table 2-4 are archived in the Library of the Zoological 
Institutes of the University of Münster (Westphalia).  
 
Table 2-4 Titles of papers on the ecology and biology of C. auronitens and C. nemoralis submitted by F. 
W.'s students for their teacher's examination, biology diploma or doctoral thesis, at the 
University of Münster; the list is in chronological order. 
 
NIESING, H., 1979: Die Bestimmung von Populationsdichten durch Markierung und Wiederfang bei Carabiden.  
HEMMER, J., 1981: Parameter der Reproduktion bei Insekten: Jahresperiodizität der Vitellogeninsyntese und der 
Eiproduktion bei Carabiden-Populationen im natürlichen Habitat.  
HEMMER, J., 1984: Struktur und Dynamik einer westfälischen Population des Laufkäfers Carabus auronitens 
(Fabr.). Ein Beitrag zum Problem der Dichte-Determination bei Insekten.  
KLENNER, M. F., 1984: Untersuchungen zur Populationsdynamik von Carabus auronitens Fabr.  
HOCKMANN, P., 1987: Bewegungsmuster und Aufenthaltsorte des Laufkäfers Carabus auronitens.  
SCHLOMBERG, P., 1987 : Konstanz und Variabilität der Orientierungsrichtung im Bewegungsmuster von 
Laufkäfern des Waldes.  
MENKE, K., 1988: Feldstudien zum Phänomen des orientierten Laufverhaltens bei den Laufkäfern Carabus 
auronitens and Carabus nemoralis.  
SCHULTE, R., 1988: Zur Bodenoberflächen- und Baumaktivität von Laufkäfern des Waldes, mit besonderer 
Berücksichtigung von Carabus auronitens. 
EWIG, M., 1989: Zur Habitatselektion bei Carabiden: die Bindung von Carabus auronitens und anderer Laufkäfer 
an den Wald.  
ALTHOFF, G.-H., 1990: Zur Abhängigkeit der Boden- und Baumaktivität der Laufkäfer des Waldes von 
abiotischen Faktoren (mit besonderer Berücksichtigung der Art Carabus auronitens).  
KLENNER, M.F., 1990: Überlebensstrategien einer stenotopen Waldart: Untersuchungen zur Populationsdynamik 
von Carabus auronitens F. (Col., Carabidae) in einem westfälischen Eichen-Hainbuchenwald.  
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NIEHUES, F.-J., 1991: Fluktuationen der Parameter einer Carabus auronitens-Population seit 1982 (mit eigenen 
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MODEREGGER, J., 1992: Zum Problem der intra- und interspezifischen Nahrungskonkurrenz bei Carabiden (mit 
eigenen Untersuchungen an Carabus auronitens).  
MAINTZ, I., 1993: Die Gewichtsentwicklung des Laufkäfers Carabus auronitens während der 
Reproduktionssaison: der Einfluß intraspezifischer Nahrungskonkurrenz.  
REDING, G., 1993: Die Bedeutung räumlicher Risikoverteilung für das Überleben von Carabiden-Populationen. 
Mit eigenen Untersuchungen an westfälischen Carabus auronitens-Populationen.  
RÖSSING, M., 1993: Der Einfluß zusätzlicher Fütterung auf Aktivitätsverhalten und Überlebensrate des Laufkäfers 
Carabus auronitens.  
KOPKA, A., 1994: Der Einfluß intraspezifischer Nahrungskonkurrenz auf das Aktivitätsverhalten des Laufkäfers 
Carabus auronitens.  
BOOM, A. VAN DEN, 1995: Die Bedeutung der Generationsstruktur für die Stabilität von Carabiden-Populationen: 
Freilanduntersuchungen an Carabus auronitens und Carabus nemoralis.  
HORSTMANN, B., 1995: Die Abhängigkeit der Reproduktion und Mortalität von abiotischen und biotischen 
Faktoren bei Carabiden (Freilanduntersuchungen an Carabus auronitens und Carabus nemoralis).  
KREUELS, M., 1995: Zum Problem der Gründung neuer Populationen: Ein Translokationsexperiment mit Carabus 
auronitens.  
LÜCKMANN, J., 1995: Zum Einfluß intraspezifischer Nahrungskonkurrenz auf Mortalität und Reproduktion 
(Gehege-Untersuchungen an Carabus auronitens).  
NIEHUES, F.-J., 1995: Die Geschichte einer Carabiden-Population im Spiegel ihrer Genetik und Dynamik: 
Untersuchungen an Carabus auronitens im Münsterland.  
BECHTEL, A., 1996: Die Gewichtsentwicklung der Individuen einer natürlichen Population von Carabus 
auronitens: Ein Parameter der Nahrungsverfügbarkeit, der postecdysialen Reifung und der Reproduktion? 
KLIEWE, V., 1996: Untersuchungen zum Verlauf der postecdysialen Reifung bei Carabus auronitens. Mit eigenen 
Untersuchungen aus dem Jahr 1995.  
LANDWEHR, M., 1996: Die Entstehung der Alterspyramide in einer Population von Carabus auronitens: Ist 
phänotypische Selektion wirksam? Mit eigenen Untersuchungen aus dem Jahre 1995.  
BAUMGARTNER, R., 1996: Populationsdynamische Untersuchungen bei Carabus auronitens (Carabidae, 
Coleoptera): Bedeutung der Alterspyramide für das Überleben der Population.  
SCHWÖPPE, M., 1996: Zur Frage der historisch oder ökologisch bedingten Begrenzung des Vorkommens einer 
waldbewohnenden, ungeflügelten Carabidenart: Translokationsexperimente unter kontrollierten Bedingungen mit 
Carabus auronitens im Münsterland.  
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3. Results 
3.1 Long-term co-existence of Carabus auronitens and C. nemoralis 
in the study area 
In the area under study C. auronitens and C. nemoralis have co-existed since the beginning of the 
investigation in spring 1982 (Table 3.1-1). Specimens of C. auronitens were individually marked from 
spring 1982 on, but those of C. nemoralis only since 1992. Hence the relative abundances of the two 
populations between 1982 and 1991 can be compared only on the basis of the number of beetles trapped 
during a night in a standardized number of pitfalls (100). We found that the abundance (females and 
males pooled) of both species in a spring season (Table 1-1) is significantly correlated with the 
maximum number of specimens (females plus males) trapped during a night in 100 pitfalls in the 
respective season (Table 3.1-1): C. auronitens: rs = +0.6804; p = 0.002; n = 18 (1982-1999); C. 
nemoralis: rs = +0.9286; p = 0.001; n = 8 (1992-1999; however, see for C. nemoralis Section 3.4). 
Therefore a comparison of the fluctuations of abundance by means of the standardised maximum capture 
rates may be possible. Maximum capture rates of C. auronitens fluctuated between a minimum of 29 and 
a maximum of 293 (by a factor of 10.1), those of C. nemoralis between a minimum of 6 and a maximum 
of 79 (by a factor of 13.2). Between 1992 and 1998 the abundance of the C. auronitens population 
fluctuated only by a factor of 2.8, the abundance of the C. nemoralis population by a factor of 10.5 
(Table 1-1). The demographic basis of the obviously lower amplitude of the fluctuation of abundances in 
C. auronitens compared with C. nemoralis is analyzed in the next section. 
The maximum capture rates of C. auronitens and C. nemoralis (Table 3.1-1) fluctuated synchronously 
between 1982 and 1999: r = +0.7236; p = 0.001; rs = +0.5640; p = 0.018; n = 17. The reason for this 
synchrony could be the key to understanding the fluctuations of abundance of these species (cf. Section 
1).  
 
Table 3.1-1 Maximum trapping rates per night of Carabus auronitens and C. nemoralis, standardised for 
100 pitfalls in the study area from spring 1982 until spring 1999 (females and males pooled). 
n.r. not recorded. 
 
Spring C. auronitens C. nemoralis 
1982 29 12 
1983 60 n.r. 
1984 49 10 
1985 42 12 
1986 87 10 
1987 168 28 
1988 55 10 
1989 82 14 
1990 154 6 
1991 111 17 
1992   96 36 
1993 102 64 
1994 169 63 
1995 293 79 
1996 106 37 
1997 76 12 
1998 77 9 
1999 60 13 
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3.2 Net reproduction, longevity, age pyramid and sex ratio in the  
C. auronitens and C. nemoralis populations under study 
Both C. auronitens and C. nemoralis are spring breeders. In the populations under study the preimaginal 
stages develop during summer, and young beetles hatch in the autumn of the same year (Tables 3.2-1; 
3.2.-2, see Sections 3.11-3.13).  
Survival rates of the young specimens from the autumn to the first spring season were high in both 
species, with one exception: in the 1995 generation survival was rather low both in C. auronitens and 
C. nemoralis (Table 3.2-3). The fitness of the 1995 cohorts was probably reduced artificially (by 
individual marking by cauterization; Section 2.2).  
In both species many adults survived several spring seasons (Tables 3.2.1 and 3.2.-2). In C. auronitens 
females the rate of survival was high and constant till the 4th spring season and then decreased; the 
oldest females recaught experienced their 6th spring season (Tables 3.2-1 and 3.2-5). There were, 
however, small variations in the survival rates from spring season to spring season that could depend on 
the reproduction effort (see Section 4.6). In C. nemoralis females the rates of survival decreased faster; 
and the oldest females recaught experienced their 4th spring season (Tables 3.2-2 and 3.2.-3). In both 
species the survival rates of the males were somewhat smaller than those of the females. Thus, the sex 
ratio (proportion of females) increased with the age of a generation: it was on average 0.55 in a freshly 
hatched autumn generation in C. auronitens and 0.51 in C. nemoralis; in a 2.5 (3.5) years old cohort it is 
0.59 (0.64) in C. auronitens, and 0.71 (0.75) in C. nemoralis (Table 3.2-4). The mean sex ratio of the 
Jolly-Seber estimates for C. auronitens in the spring plateau period (all generations pooled) was 0.595 
between 1993 and 1998. 
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Table 3.2-1 Carabus auronitens. Survival of the generations A '92, A '93, A '94, A'95, A'96, A '97 
and A'98 in the beetle-proof enclosure (0.2 ha) until spring season 1999. The rows begin 
with the season of first catch. For each generation the number of individuals present in 
successive seasons is given (including those specimens which were not trapped in spring 
season i, but retrapped in a successive spring season). For spring seasons the percentages 
of surviving individuals are indicated (autumn season of hatching -> 1st spring season; 
spring season i -> spring season i+1, etc.). Note that only a few old surviving beetles 
were active in the autumn seasons. In the autumn season 1996 no newly hatched beetles 
were caught. A, autumn season; S, spring season. The very few emigrants have not been 
considered (cf. Section 2.2).  
 
 A '92 S '93 A '93 S '94 A '94 S '95 A '95 S '96 A'96 S '97 A'97 S'98 A'98 
 
females 147 113 (76.9 %) 0 66 (58.4 %) 0 29 (43.9 %) 0 18(62.1 %) 1 7 (38.9 %) 0 1 (14.3 %) 0 
males 112 85 (75.9 %) 1 50 (58.8 %) 0 22 (44.0 %) 0 5(22.7 %) 0 3 (60.0 %) 0 0 (0 %) 
females (13)1 0 (7) (53.8 %) 1 (3) (42.9 %) 0 (1) (33.3 %) 0 0 (0%) 
males (15)1 0 (10) (66.7 %) 0 (4) (40.0 %) 0 (2)(50.0 %) 0 0 (0%) 
 
females 201 157 (78.1 %) 1 105 (66.9 %) 1 66 (62.9 %) 1 45 (68.2 %) 5 23 (51.1 %) 5 
males 163 124 (76.1 %) 2 90 (72.6 %) 2 45 (50.0 %) 0 23 (51.1 %) 0 4 (17.4 %) 2 
females 622 1 36 (58.1 %) 0 26 (72.2 %) 0 17 (65.4 %) 4 5 (29.4 %) 0 
males 602 2 39 (65.0 %) 0 20 (51.3 %) 0 11 (55.0 %) 0 1 (9.1 %) 0 
 
females 182 140 (76.9 %) 1 96 (68.6 %) 1 70 (72.9 %) 1 41 (58.6 %) 5 
males 135 102 (75.6 %) 0 71 (69.6 %) 2 47 (66.2 %) 0 12 (25.5 %) 2 
females 212 0 14 (66.7 %) 0 11 (78.6 %) 1 8 (72.7 %) 0 
males 222 0 15 (68.2 %) 0 8 (53.3 %) 0 2 (25.0 %) 1 
 
females 46 14 (30.4 %) 0 11 (78.6 %) 0 7 (63.6 %) 1 
males 40 7 (17.5 %) 0 4 (57.1 %) 0 1 (25.0 %) 0 
females 12 0 1 (100.0 %)  0 1 (100.0 %) 0 
males 0 
 
females 0 
males 0 
females 12 0 1 (100 %) 0 
males 22 0 1 (50,0 %) 0 
 
females 73 60 (82.2 %) 2 
males 62 48 (77.4 %) 2 
females 162 0 
males 122 2 
 
females 43 
males 44 
females 
males 
  
1Amongst these beetles there may be some immigrants from the end of the spring season 1992; for calculation of 
the net reproduction rate in 1992 it is assumed that 50% of these beetles hatched in the autumn season 1992; 
2probably hatched in the previous autumn season. 
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Table 3.2-2 Carabus nemoralis. Survival of the generations A '92, A '93, A '94, A'95, A'96, A '97 and A '98 
in the beetle-proof enclosure (0.2 ha) until spring season 1999. See legend of Table 3.2-1. Note 
that in C. nemoralis a larger part of the old surviving beetles were trapped in the autumn 
seasons.  
 
 A '92 S '93 A '93 S '94 A '94 S '95 A '95  S '96 A'96 S '97 A'97 S'98 A'98 S'99 
 
females 93 64 (68.8 %) 3 27 (42.2 %) 7 14 (51.8 %) 6 3 (21.4 %) 0 0 (0 %) 
males 81 59 (72.8 %) 3 26 (44.1 %) 10 11 (42.3 %) 6 1 (9.1 %) 0 0 (0 %) 
females (13)1 2 (5) (38.5 %) 2 (1) (20.0 %) 1 0 (0 %) 
males (11)1 1 (4) (36.4 %) 0 (1) (25.0 %) 1 0 (0 %) 
 
females 82 73 (89.0 %) 18 51 (69.9 %) 24 18 (35.3 %) 4 4 (22.2 %) 1 0 (0 %) 
males 68 56 (82.3 %) 13 31 (55.4 %) 15 11 (35.5 %) 0 1 (9.1 %) 1 1 (100.0 %) 0 0 (0 %) 
females 142 3 9 (64.3 %) 5 5 (55.6 %) 0 0 (0 %) 
males 102 3 7 (70.0 %) 3 2 (28.6 %) 0 0 (0%) 
 
females 38 36 (94.7 %) 11 25 (69.4 %) 12 12 (48.0 %) 4 2 (16.7 %) 0 0 (0 %) 
males 45 33 (73.3 %) 14 16 (48.5 %) 5 3 (18.8 %) 0 0 (0 %) 
females 42 1 3 (75.0 %) 1 1 (33.3 %) 1 1 (100.0 %) 0 0 (0 %) 
males 12 1 1 (100.0 %) 0 0 (0 %) 
 
females 10 3 (30.0 %) 0 0 
males 13 3 (23.1 %) 1 1 (33.3 %) 1 0 (0 %) 
females 0 
males 0 
 
females 3 3 (100.0%) 2 2 (66.7 %) 1 1 (50 %) 
males 3 1 (33.3%) 1 1 (100.0 %) 0 0 (0 %) 
females 0 
males 32 2 2 (66.7 %) 1 0 (%) 
 
females 10 10 (100.0 %) 7 8 (80 %) 
males 3 0 (0%) 
females 12 1 1 (100 %) 
males 0 
 
females 6 4 (66.7 %) 
males 16 14 (87.5 %) 
females 52 
males 22  
1Amongst these beetles there are possibly some immigrants from the end of the spring season 1992; for calculation 
of the net reproduction rate in 1992 it is assumed that 50% of these beetles hatched in the autumn season 1992; 
2probably hatched in the previous autumn season. 
 
Table 3.2-3 Individual survival probabilities (%) measured in the beetle-proof enclosure between autumn 
1992 and spring 1999. Individuals of same age were pooled. Cf. Tables 3.2-1 and 3.2-2. In 
cases of small numbers of beetles the absolute number of surviving beetles is given, e.g. (2/8): 
out of a total of 8 beetles 2 beetles survived. 
 
C. auronitens females males 
autumn - 1st spring 78.0 76.9 
(exception 1995/96  30.4   17.5) 
1st spring - 2nd spring  64.7 66.9 
2nd spring - 3rd spring 63.2 52.5 
3rd spring - 4th spring 63.8 38.1 
4th spring - 5th spring 40.8 20.0 
5th spring - 6th spring  17.1 25.0 (2/8) 
autumn - 1st spring 81.9 75.5 
(exception 1995/96 30.0  23.1) 
1st spring - 2nd spring  58.8 49.7 
2nd spring - 3rd spring 42.6 31.5 
3rd spring - 4th spring 19.6 7.1 
4th spring - 5th spring 0 (0/9) - (1/2) 
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Table. 3.2-4 Sex ratio (proportion of females) in the C. auronitens and C. nemoralis population under study. 
Adult age is given as years from the autumn of hatching. Animals of the same age, but hatched 
in different autumns were pooled (cf. Tables 3.2-1 and 3.2-2). 
 
Adult age C. auronitens C. nemoralis 
0 0.55 0.51 
0.5 0.55 0.54 
1.5 0.55 0.59 
2.5 0.59 0.64 
3.5 0.71 0.75 
4.5 0.83 - 
5.5 0.75 - 
 
Comparable data on adult survivorship are available for two Japanese Carabus species, Carabus 
yaconicus, a spring breeder, and Leptocarabus kumagaii, an autumn breeder (SOTA, 1987). SOTA (1987) 
measured the adult survival probability, as we did, by a capture-recapture experiment in the Botanical 
Garden on the campus of the Kyoto University. The survival probability of C. yaconicus from the 
autumn to the 1st reproductive season was 38 - 54% (mean 48%); that of L. kumagaii from the period of 
hatching to the period of reproduction (in the same year) was 47-68% (mean 55%). The survival 
probability from the 1st to the 2nd reproductive season was 8% in C. yaconicus and 20% in L. kumagaii; 
only in L. kumagaii did a small proportion of the adults survived until the 3rd period. Thus, adult 
survivorship was much smaller in these beetles than in C. auronitens and C. nemoralis. The differences 
between C. yaconicus and L. kumagaii were discussed by SOTA (1987) as the result of a trade-off 
between the length of the activity season and the rate of mortality.  
In the populations investigated by us, the young animals which hatched in the autumn i were the 
offspring of the animals which were active in the spring season i (HEMMER et al., 1986; WEBER & 
KLENNER, 1987; KLENNER, 1989; ALTHOFF, 1992, 1994; NIEHUES et al., 1996). Nevertheless, in both 
species, the abundance in the spring i and the abundance in the autumn i fluctuated asynchronously: 
regarding the sum of the abundances of females and males in spring (Table 1-1):  
 
C. auronitens (1982 - 1998): r = -0.897; p = 0.732; n = 17; 
C. nemoralis (1992 - 1998): r = +0.2951; p = 0.521; n = 7; 
 
regarding the abundance of reproducing females (Table 3.2-5):  
 
 
C. auronitens (1982 - 1998): r = -0.1466; p = 0.5470; n = 17; 
C. nemoralis (1992-1998): r = +0.1753; p = 0.707; n = 7.  
 
To analyze the reasons for these asynchronies is one of the main objectives of this paper (cf. Section 1). 
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Table 3.2-5 Abundance (Ni) of reproducing females in the 0.2 ha-enclosure in spring and net-reproduction 
rate (Bi) in C. auronitens and C. nemoralis (the calculation of Ni and net reproduction rates is 
outlined in Section 2.7). -In brackets: estimated sum of the C. auronitens females and males in 
the plateau period of the springs (partly taken from Table 1-1). The inferred C. auronitens sex 
ratio in the plateau period of the spring seasons 1982-1992 is 59.5% females. For the number of 
young C. auronitens and C. nemoralis hatched in the autumn seasons see Table 1-1. - °C: 
averaged daily mean temperature (ADMT) in the coldest of the 17-day periods starting between 
May 9 and May 15 (cf. Section 4.3).  
 
Year C. auronitens C. nemoralis  
 Ni Bi Ni Bi °C 
1982 250 (421) 1.16   14.8 
1983 223 (375) 0.38   11.5 
1984 150 (252) 1.11   11.0 
1985 152 (256) 1.76   14.9 
1986 187 (315) 1.60   14.3 
1987 240 (403) 0.08   9.9 
1988 161 (271) 1.38   14.8 
1989 188 (316) 1.97   15.1 
1990 316 (532) 1.03   12.2 
1991 269 (452) 0.15   10.6 
19921 183 (307) 1.51 45 (91) 4.24 16.9 
1993 168 (290) 3.11 87 (176) 2.05 15.2 
1994 284 (503) 1.31 120 (217) 0.74 12.9 
1995 324 (586) 0.27 115 (202) 0.20 11.1 
1996 234 (382) 0.02 57 (92) 0.17 10.7 
1997 132 (211) 1.29 20 (29) 0.70 13.7 
1998 139 (209) 0.84 15 (20) 2.13 14.3 
1999 119 (210)  19 (37)   
 
*For the calculation of net reproduction rates in 1992 cf. footnote 1 in Tables 3.2-1 and 3.2-2.  
 
Net reproduction rates (number of young individuals divided by the number of females in spring plateau 
period of the same year) varied widely throughout the years of observation: in C. auronitens from 0.02 to 
3.10 between 1982 and 1998 and in C. nemoralis from 0.17 to 4.24 between 1992 and 1998 (Table 3.2-
5). In both species, Bi and the number of young hatched in the autumn i are highly positively correlated 
(C. auronitens: r = +0.9172; p = 0.000, rs = +0.8407; p = 0.000; n = 17; C. nemoralis: r = +0.7853; p = 
0.036; rs = 0.8571; p = 0.014; n = 7). In the case of C. auronitens, this is not unexpected, as in this 
species the number of young hatched in the autumn varied much more than the number of females in the 
spring.  
For the dependence of Bi on the weight development in spring see Section 3.7; for the (mimicked) 
influence of the abundance of C. auronitens on Bi see Section 4.2; the influence of the temperature on Bi 
of C. auronitens and C. nemoralis is analyzed in Sections 4.3-4.5. - Bi, mean body size and mean 
hatching weight of the young generation and the CV of these means were a correlated complex that 
characterized the reproductive success of the C. auronitens population under study in the respective year: 
Bi was positively correlated with mean body size and as well as both absolute and relative mean hatching 
weight of the young females and males, and Bi was negatively correlated with the CV of the females' and 
males' body size and the females' hatching weight (for detailed analyses see Section 3.11; Table 3.11-7).  
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Net reproduction varied to a similar extent in C. yaconicus (between 0.9 and 4.2; fecundity x larval 
survivorship) and in L. kumagaii (between 1.3 and 3.0) over 4 years of investigation (SOTA, 1987).  
On the basis of the measured female survival probabilities (Table 3.2-3) for a C. auronitens population 
with steady-state abundance and steady-state age pyramid a net reproduction rate of 0.96 is calculated; 
for a C. nemoralis population the steady-state rate is 1.24. In 1992 (1993), net reproduction rates of 
C. auronitens were estimated to have been about 1.75 x (3.23 x) higher, in C. nemoralis about 3.42 x 
(1.17 x) (Table 3.2-5). From 1994 till 1997 net reproduction rates in C. nemoralis were continuously 
considerably smaller than 1.24, in 1998 it was higher again; in C. auronitens rates were rather small in 
1995 and 1996, but in 1994 and 1997 they were above the range of the steady-state value for this species, 
in 1998 the rate was a little smaller. 
Thus, compared with C. auronitens, higher adult mortality rates in general and continuously small net 
reproduction rates from 1994 till 1997 caused the drastic decline of abundance in the C. nemoralis 
population under study (Table 1-1). This decline is accompanied by a shift of the sex ratio in favour of 
the females (Table 3.2-2). A shifting sex ratio, even a shift in favour of the females, may be detrimental 
when abundance is low: the probability that the sexes will mate is further reduced (see Section 4.8). - 
The abundance of the C. auronitens population, on the other hand, was rather stable because of the 
greater longevity of the adults, even after two years of small reproduction rates (1995 and 1996). It seems 
in C. auronitens that fecundity is not reduced with age.  
From the demographic analysis it may be concluded that greater longevity of the C. auronitens adults 
(combined with a high fertility of the surviving specimens) is the main cause for the obviously weaker 
fluctuations of abundance in the C. auronitens population since the start of the investigation in 1982 
(compared with those of the C. nemoralis population) (cf. Table 3.1-1).  
Adult longevity of C. auronitens in a natural habitat has already been documented by articles published 
by our group (KLENNER, 1989; ALTHOFF et al., 1992; HOCKMANN et al., 1998). NICKERL (1889) kept a 
C. auronitens female in a terrarium for 5 years, but interpreting the longevity as due to isolation from 
reproduction and to optimal living conditions, he did not recognize the biological significance of his 
observation. Some C. auronitens bred by us in the laboratory survived for 4 years (Section 3.14). - The 
adult longevity of C. nemoralis in a natural habitat was unknown up to now. DELKESKAMP (1930) was 
not able to keep adult C. nemoralis under laboratory conditions for a second winter (maybe because of 
severe infestation by parasites).  
Overlapping of generations, long overlooked, seems to be a rule in carabid beetles (PAARMANN, 1966; 
SCHJØTZ-CHRISTENSEN, 1968; DAVIES, 1987; VAN DIJK, 1972, 1979 a, b; LUFF, 1973; GRÜM, 1975; 
VAN HEERDT et al., 1976; HOUSTON, 1981; LENSKI, 1984; SOTA, 1984, 1987; WALLIN, 1989; RUSDEA, 
1992; CHAABANE et al., 1997), and a short adult life (as e.g. in Nebria brevicollis) seems to be an 
exception (NELEMANS et al., 1989). Adult longevity of Carabus problematicus and Carabus glabratus in 
populations of northern England seems to be limited by wearing out of the mandibles: "Female carabids 
with severely worn mandibles may have come to the end of their reproductive life, not because their 
ovaries are exhausted but because of their reduced ability to feed." (HOUSTON, 1981, p. 270; see also 
BUTTERFIELD, 1986, 1996; WALLIN, 1989; SPARKS et al., 1995). We also have occasionally observed 
old C. auronitens specimens with broken mandibles, but mandible wear was not a reliable sign of old age 
in beetles of this population. One may speculate that the extraordinarily high longevity of C. auronitens 
in the population under study is due to a slight degree of mandible wear; this may be a consequence of 
the soft consistency of the soil (Section 2.1) and/or of the soft body of the prey specimens preferred. 
3.3 Start and end of the spring season  
Start, course and end of the spring locomotory activity seasons of C. auronitens and C. nemoralis are 
described by CNFs and CNLs, respectively (see Section 2.5). The start differed from year to year, 
obviously depending on temperature (Figs. 3.3-1 a, b, 3.3-2 a, b). In some years with warm early spring, 
the first individuals of C. auronitens were trapped around March 10, in other years with prolonged 
wintry climate no earlier than the beginning of April (Figs. 3.3-1 a, b). In any case, the C. nemoralis 
CNFs sloped more steeply than those of C. auronitens: the 50% mark of C. nemoralis female and male 
CNFs is reached usually during March, at the latest the beginning of April (Figs. 3.3-2 a, b); in 
C. auronitens the 50% mark is mostly reached during April, only in one case at the end of March. It is 
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rather likely that C. nemoralis individuals started running considerably earlier than C. auronitens (it has 
to be remembered that the start of the spring investigation was adjusted to the behaviour of C. 
auronitens, so that the very early activity of C. nemoralis was probably overlooked in some years; for an 
early start of the spring season of C. nemoralis see also DELKESKAMP, 1930). Moreover, the individuals 
of C. auronitens seem to start running rather asynchronously: in early spring beetles can be found still 
resting in winter hiding places, whereas other individuals are already active (see below).  
Interestingly, the spring season seems to end at the same time in both species. In C. auronitens, the 50 % 
mark of CNL is reached in the 2nd half of May or at the beginning of June (Figs. 3.3-3 a, b). It is 
questionable whether the larger variability of the 50 % marks in C. nemoralis (Figs. 3.3-4 a, b) has any 
relevance as it may simply be due to larger measuring inaccuracies because of smaller abundances in this 
species. In both species, the last individuals were trapped at the end of June - beginning of July. 
Surviving quiescent C. auronitens individuals can be found in moist rotten wood if such material is 
available (see Section 3.15). They also aestivate in the soil under moist moss, in the soil of the root ball 
of fallen trees and near the trunk and large roots of living trees. Resting places of the C. nemoralis 
population under study are not known (see Section 3.15).  
The disappearance of an individual during the spring season may be due either to the onset of dormancy 
or it may be simply to death. It is trivial that beetles caught for the last time early in the spring have a 
reduced chance of being recaught in the following spring. However, in the young (1st) generation of C. 
auronitens we observed that as many as 50 % of females and males belonging to the 0-25 % fraction of 
CNL, and even more than 70 % belonging to the 25-50 % fraction, survived until the next spring season. 
Beetles that remained active until late in the season had an increased mortality risk if they had been very 
frequently caught during the season (BAUMGARTNER et al., 1997). It seems that the individuals of both 
species became rather asynchronously inactive at the end of the spring season. This is confirmed by a 
comparison of Jolly-Seber abundances estimated from both Si-1-Ai-1-Si and Si-Ai-Si+1 tables. From the 
first table the abundance of individuals still active at the end of the spring season, from the latter the 
abundance of the individuals which were still alive (active or inactive) can be estimated. Exemplarily, 
values for female C. auronitens in spring 1996 are shown in Fig. 3.3-5: although at the end of the season 
most values estimated from the Si-Ai-Si+1 table are unreliable, it is evident that the differences between 
the values estimated from the two tables became larger the later the season was - an indication that not 
only the start but also the end of the spring locomotory activity season was asynchronous amongst the 
individuals. However, it has to be stressed that in C. auronitens we did not observe fractions of early 
appearing / early disappearing and late appearing / late disappearing individuals belonging to the same 
age cohort (BAUMGARTNER et al., 1997).  
It was the rule in C. auronitens that the number of trapped females was smaller than the number of 
trapped males at the beginning and in the middle of a spring season (Tables 3.2-1; 3.2-4), but as high or 
higher at the end of a spring season (Table 3.3-1). As the intraseasonal mortality in males was nearly as 
low as in females (cf. Table 3.2.3), it seems that the probability that males will be trapped decreased 
conspicuously at the end of the spring season. The other possibility, that on average the individual spring 
season of the males was finished somewhat earlier than the individual spring season of the females, is not 
supported by the CNLs (cf. Figs. 3.3-3 a, b).  
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Figs. 3.3-1 a-b Curves of the cumulative number of individual first captures (CNF) in C. auronitens females (a) 
and males (b) in spring seasons 1993 - 1998.  
 
 
 
Figs. 3.3-2 a-b Curves of the cumulative number of individual first captures (CNF) in C. nemoralis females (a) in 
spring seasons 1993 - 1998 and in males (b) in spring seasons 1993-1997 (spring season 1998 
omitted because of very small abundance).  
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Figs. 3.3-3 a-b Curves of the cumulative number of individual last captures (CNL) in C. auronitens females (a) 
and males (b) in spring seasons 1993 - 1998.  
 
 
 
Figs. 3.3-4 a-b Curves of the cumulative number of individual last captures (CNL) in C. nemoralis females (a) in 
spring seasons 1993 - 1998 and in males (b) in spring seasons 1993-1997 (spring season 1998 
omitted because of very small abundance). 
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Fig. 3.3-5 Jolly-Seber estimates of C. auronitens females calculated by S'95-A'95-S'96*-tables (x) and S'96*-
A'96-S'97-tables (o) for trapping days in spring 1996. Estimates enclosed in brackets are not reliable 
(for criteria see Section 2.6). The plateau period of the estimates (cf. Section 2.6) calculated from 
S'95-A'95-S'96*-tables (x) is bordered by vertical lines. The standard deviations for the estimates of 
the plateau period indicated are (from left to right): 11.0; 6.8; (12.7); 10.4; 11.9; (40.9); 12.1; 10.2; 
15.1; 10.3; 40.3. At the right the mean of the Jolly-Seber estimates (weighted by their standard 
deviation) for the plateau period (198), and the value considered in Table 3.2-5 after addition of the 
females not caught in spring 1996, but recaught in spring 1997 (234) (see Section 2.7).  
 
Table 3.3-1 The absolute numbers of females and males trapped in the 0.2 ha enclosure in spring 1990. The 
numbers in this table serve as an example for the observation that the proportions of females 
and males trapped sometimes changed conspicuously during the course of a spring season.  
 
interval females males 
March 68 169 
1st decade of April 56 202 
2nd decade of April 67 284 
3rd decade of April 164 576 
1st decade of May 170 325 
2nd decade of May   66 104 
3rd decade of May 125 130 
June 75 41 
 
What factors influence the end of the individual spring season? It is a plausible assumption that an 
endogenous timing mechanism and/or an environmental signal that is largely free of any background 
noise, for example the photoperiod as in other forms of diapause, controls the duration of the spring 
season, with perhaps an additional modulation by individual nutritive conditions (Masaki, 1980; see 
Section 4.10). We tested whether the 75% mark of the C. auronitens CNLs was - as can be expected 
from this model - negatively correlated with the mean weight in the 3rd decade of May, when the 
females' weight no longer reflected egg production (Sections 3.6 and 3.7), but still many specimens were 
trapped. Indeed, negative correlations exist, though they are not significant (females: rs = -0.600; p = 
0.208; males: rs = -0.0857; p = 0.872; 1983-1998: n = 6). When the mean weight in the 3rd decade of 
May is correlated with the 50 % mark of the CNL, the coefficient is negative in females, but positive in 
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males (females: rs = -0.2571; p = 0.623; males: rs = +0.1429; p = 0.787) (from this result it can be 
concluded that the 50 and 75 % marks in females' CNLs are positively correlated; this indeed is the case: 
rs = +0.8857; p = 0.019; males: rs = +0.600; p = 0.208).  
Moreover, asynchronies between the individual seasons in C. auronitens are partly due to differences 
between the age cohorts. In some springs we observed distinct differences between the CNFs and CNLs 
in beetles of different age. It seems that an age-dependent asynchronous start occurs when - because of 
warm weather - the locomotory activity season starts relatively early. In springs 1995, 1997 and 1998 the 
CNF of old females and males increased earlier than that of young animals. On the other hand, in springs 
1994, 1995, 1996 and 1998 (but not in 1997) the CNL of females increased earlier, the younger the 
beetles were (see for example CNFs and CNLs for the female age cohorts in 1996; Fig. 3.3-6); in males 
this phenomenon was detected in spring 1994 and 1998. Thus, in females, and sometimes also in males, 
the mean duration of the individual season increased with age. - In C. nemoralis asynchronous behaviour 
of the beetles of different age has not been observed up to now.  
 
 
Fig. 3.3-6 CNFs and CNLs of C. auronitens female generations active in spring season 1996. CNF, curve of 
the cumulative number of individual first captures; CNL, curve of the cumulative number of 
individual last captures. CNLs are labelled by the autumn of hatching of the different generations. 
CNLs of all individuals: continuous lines; CNLs of surviving individuals: broken lines. Identical 
generations are indicated with the same symbol in CNFs and CNLs. From Baumgartner et al., 1977. 
 
3.4 Individual trapping rates 
On average, in both C. auronitens and C. nemoralis an individual was trapped several times during a 
spring season (Table 3.4-1). However, there was considerable interindividual variation in number of 
times trapped during a spring. As a rule, in C. auronitens the frequency distributions of individual re-
trapping rates deviate from Poisson distributions (BAUMGARTNER et al., 1997). Several factors may 
contribute to this phenomenon, for example intraseasonal mortality. However, the frequency 
distributions of beetles surviving a spring season deviate as well (Tables 3.4-2 a, b, see there also for 
non-survivors). Thus, individual differences of behaviour could be decisive. At least C. auronitens males 
seem to differ with respect to the individual level of activity and/or to the length of the individual season: 
males frequently (or seldom) captured during their first spring season were also frequently (or seldom) 
captured during the second spring season (the individuals considered are those that survived the second 
spring season, BAUMGARTNER et al., 1997). - In C. nemoralis, an individual constancy of the individual 
trapping rate has not yet been demonstrated.  
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Table 3.4-1 Mean trapping rates (metre, with standard deviation, S.D.) of C. auronitens and C. nemoralis 
 in the beetle-proof enclosure of 0.2 ha in the spring seasons 1993 - 1998. Nind is the number of 
individuals. 171 pitfalls were used; the number of trapping days varied between 22 and 35. 
stand.metre is the mean individual trapping rate standardized for 20 trapping days per season. 
Individuals which were present, but not trapped in the respective season are not considered. 
 
 C. auronitens females C. nemoralis females 
year nind metre S.D. stand.metre nind mtr S.D. stand.metre 
1993 181 3.36 2.45 3.05 87 4.26 2.47 3.87 
1994 315 3.88 2.58 2.50 119 4.36 2.56 2.81 
1995 333 4.49 3.08 3.45 116 5.91 2.79 4.55 
1996 203 3.43 3.09 2.37 57 6.95 3.37 4.79 
1997 163 5.23 3.49 2.99 20 13.60 6.78 7.77 
1998 163 5.67 3.27 3.91 16 12.63 4.32 8.71 
 C. auronitens males C. nemoralis males 
year nind metre S.D. stand.metre nind mtr S.D. stand.metre 
1993 136 5.67 3.65 5.15 83 5.54 3.78 5.04 
1994 253 5.85 3.74 3.77 97 6.30 3.20 4.06 
1995 281 5.54 3.69 4.26 84 6.93 3.70 5.33 
1996 163 4.18 2.78 2.88 34 8.12 4.23 5.60 
1997 100 9.67 5.77 5.53 9 12.67 6.02 7.24 
1998 81 6.05 3.72 4.17 4 5.00 5.23 3.45 
 
Tables 3.4-2 a-c Frequency distributions of individual retrapping rates in surviving and non-surviving 
C. auronitens females (a) and males (b) in spring season 1996 compared with the approximated 
Poisson distribution (goodness of fit test). Surviving beetles were recaught in spring 1997. 36 
females and 2 males which were not caught in spring 1996, but recaught in spring 1997 are not 
considered. In Table 3.4-2 c the observed frequency distributions are compared by using the 
conformity test of Brandt-Snedecor. 
 
Table 3.4-2 a surviving females non-surviving females 
retrapping rate observed number 
of individuals 
expected number 
of individuals 
observed number 
of individuals 
expected number 
of individuals 
0 49 32.4 10 1.1 
1 41 44.0 12 4.6 
2 17 29.9 9 9.9 
3 7 13.5 15 13.9 
4 5 4.6 4 14.7 
5 1 1.2 1 12.5 
6 0 0.3 4 8.8 
7 2 0.1 0 5.3 
8 2 0.0 8 2.8 
9 1 0.0 4 1.3 
10 0 0 3 0.6 
11 1 0 4 0.2 
12 0 0 0 0.1 
13 0 0 0 0.0 
14 0 0 2 0.0 
 chi2= 35.8; DF = 5; p < 0.001 chi2= 50.2; DF = 9; p < 0.001 
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Table 3.4-2 b surviving males non-surviving males 
retrapping rate observed number 
of individuals 
expected number 
of individuals 
observed number 
of individuals 
expected number 
of individuals 
0 16 6.6 10 1.4 
1 15 17.5 11  .5 
2 19 23.1 10 10.8 
3 12 20.4 9 14.0 
4 12 13.5 6 13.7 
5 9 7.1 6 10.6 
6 7 3.1 0 6.9 
7 2 1.2 5 3.9 
8 1 0.4 5 1.9 
9 0 0.1 0 0.8 
10 0 0.0 4 0.3 
11 0 0.0 2 0.1 
12 0 0.0 2 0.0 
 chi2= 24,2; DF = 7; p < 0.001 chi2=113.1; DF = 9; p < 0.001 
 
Table. 3.4-2 c 
compared distributions chi2 DF p 
surviving males 
non-surviving males 
23.6 8 < 0.01 
surviving females  
non-surviving females 
50.2 9 <0.001 
surviving males 
surviving females 
44.4 8 <0.001 
non-surviving males 
non-surviving females 
7.6 10 n.s. 
 
In both species, the frequency distributions of males and females usually differed from each other: as a 
rule, females were on average less frequently captured than males (Tables 3.4-1, 3.4-2). Despite the 
"dense" trapping program, in most spring seasons, a few C. auronitens specimens were not trapped (but 
recaught in the following spring season). Interestingly, in the rather cold spring 1996 the number of 
females not trapped was as high as 36 (Fig. 3.3-5; 21% of the generation autumn 1993, 27.2% of the 
generation autumn 1994 and 9.1% of the generation autumn 1995 were not trapped). The number of 
males not trapped in 1996, but retrapped in 1997 was much smaller (2 specimens) (BAUMGARTNER et al., 
1997).  
During the years of investigation the mean individual trapping rate per spring season differed (Table  
3.4-1). Especially in C. nemoralis males and females we observed large between-years differences 
probably due to density effects: there were negative regressions of the mean trapping rate of females and 
males on the number of individuals present in a spring season (Table 4.2-13). In C. auronitens the 
respective coefficients are also negative, but not significantly deviating from zero. The absence of a 
significant density effect in C. auronitens could be due to the fact that during the time of observation the 
abundances fluctuated much less in C. auronitens than in C. nemoralis (Table 1-1). We interpret the 
negative regression of the mean trapping rate in C. nemoralis on the number of individuals as resulting 
from an intensified search for mates (Section 4.8), and in that respect this phenomenon is different from 
an increase of locomotory activity in unfavourable and therefore poorly populated sites observed for 
example by GRÜM (1971) and BAARS (1980) in carbids. However, the increase of the level of activity 
(Table 3.4-1) may only incompletely compensate for the disadvantage of low abundance; in fact, an 
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intensified search for mates could even reduce the reproductive performance as a consequence of 
restriction of prey hunting and loss of energy. 
The frequency distributions of retrapping rates of non-survivors (beetles not recaptured in the following 
spring season) allow conclusions to be drawn about the proportions of intraseasonal and postseasonal 
mortality. Amongst non-surviving C. auronitens and C. nemoralis there were remarkably many 
individuals with high retrapping rates (Tables 3.4-2 a-c; cf. also BAUMGARTNER et al., 1997). 
Consequently it has been shown in C. auronitens that the CNL of non-survivors increases no earlier (but 
even later, as can be derived from Fig. 3.3-6) than the CNL of survivors. These phenomena point to a 
relatively high rate of postseasonal mortality.  
3.5 Temperature dependence of locomotory activity on ground  
The difference between C. auronitens and C. nemoralis concerning the start of the spring activity season 
(see Section 3.3) could be due to a different reaction norm against ambient temperature. As examples, in 
Figs. 3.5-1 a, b, 3.5-2 a, b the temperature dependencies of trapping rates of females and males are given 
for spring 1996. In these figures trapping rates are defined as the quotients "number of animals trapped in 
a single night divided by total number of individuals found in the respective season". In both species 
these trapping rates depended linearly on the early night temperature until the middle of May (in C. 
auronitens) or the beginning of May (in C. nemoralis). C. auronitens females and males were trapped 
only when the early night temperature was above a threshold of 7 °C (Figs. 3.5-1 a, b; ALTHOFF et al., 
1992). When the temperature was above 9 °C, up to 50% of all C. auronitens individuals were trapped 
during one night.  
 
 
 
 
Figs. 3.5-1 a-b Temperature dependence of the relative number of C. auronitens females (a) and males (b) 
trapped in 100 pitfalls per night in spring 1996. Temperature was measured at 21.00 MET. The 
number of individuals caught on day j (nj) is related to the number of individuals recorded in the 
enclosure in spring 1996 (NInd). - Near the points is shown the number of the respective trapping 
day. Coefficients of regression y = b  x + a. 
Behavioural, reproductive and developmental seasonality in Carabus auronitens and Carabus nemoralis 
 Mitt. Biol. Bundesanst. Land- Forstwirtsch. 382, 2001 44 
 
Females (a):  Trapping day 4 - 17 (April 5 - May 20): b = 3.33; sb = 0.80; p = 0.001; 
a = -15.19; sa = 7.92; p = 0.079; 
r2 = 0.59; n = 14. 
 Trapping day 18 - 28 (May 24 - June 28): n = 12 
b = 1.79; sb = 0.50; p = 0.005; 
a = -17.50; sa = 7.82; p = 0.049; 
r2 = 0.57; n = 12. 
Males (b):  Trapping day 4 - 16 (April 5 - May 17): b = 5.05; sb = 0.83; p  = 0.000; 
a = -25.12; sa = 8.10; p = 0.010; 
r2 = 0.77; n = 13. 
 Trapping day 17 - 26 (May 20 - June 21):  b = 2.11; sb = 0.72; p = 0.019; 
a = -18.72; sa = 11.72; p = 0.149; 
r2 = 0.51; n = 10. 
 
 
 
 
 
 
Figs. 3.5-2 a-b Temperature dependence of the relative number of C. nemoralis females (a) and males (b) 
trapped in 100 pitfalls per night in spring 1996. Temperature was measured at 21.00 MET. The 
number of individuals caught on day j (nj) is related to the number of individuals recorded in the 
enclosure in spring 1996 (NInd). - Cf. Figs. 3.5-1 a, b.  
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Females (a):  Trapping day 1 - 16 (March 25 - May 17): b = 3.47; sb = 0.91; p = 0.002; 
a = 5.44; sa = 8.14; p = 0.515; 
r2 = 0.51; n = 16. 
 Trapping day 17 - 29 (May 20 - July 1):  b = 2.01; sb = 0.58; p < 0.005; 
a = -16.98; sa = 9.08; p = 0.088; 
r2 = 0.52; n = 13. 
Males (b):  Trapping day 1 - 12 (March 25 - May 3): b = 3.88; sb = 1.00; p = 0.003; 
a = 11.633; sa = 8.91; p = 0.221; 
r2 = 0.60; n = 12. 
 Trapping day 13 - 21 (May 6 - June 3):  b = 2.95; sb = 0.84; p =  0.010; 
a = -7.11; sa = 10.19; p = 0.508; 
r2 = 0.64; n = 9. 
 Trapping day 22 - 29 (June 6 - July 1): b = 2.19; sb = 0.47; p = 0.004; 
a = -24.88; sa = 7.78; p = 0.019; 
r2 = 0.78; n = 8. 
 
 
 
 
Figs. 3.5-3 a-b Temperature dependence of the relative number of C. auronitens females (a) and males (b) 
trapped in 100 pitfalls per night in spring 1996. The number of individuals caught on day j (nj) is 
related to the number of individuals estimated by the method of Jolly and Seber for the trapping 
day j (Ñj; "small Jolly-Seber tables" were used, cf. section 2.6). For some trapping days an 
estimation was not possible. Cf. Figs. 3.5-1 a, b. 
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Females (a):  Trapping day 8 - 17 (April 19 - May 20):  b = 4.10; sb = 1.17; p = 0.010;  
a = -12.84; sa = 13.52; p = 0.373; 
r2 = 0.64; n = 9. 
 Trapping day 18 - 28 (May 24 - June 28): b = 4.91; sb = 1.49; p = 0.016;  
a = -38.99; sa = 25.29; p = 0.174; 
r2 = 0.64; n = 8. 
Males (b):  Trapping day 8 - 16 (April 19 - May 17): b = 4.50; sb = 3.00; p = 0.184;  
a = -0.949; sa = 34.49; p = 0.980 
r2 = 0.27; n = 8. 
 Trapping day 17 - 26 (May 20 - June 21): b = 5.70; sb = 0.522; p = 0.000; 
a = -54.92; sa = 8.631; p = 0.001; 
r2 = 0.96; n = 7. 
 
 
 
 
Figs. 3.5-4 a-b Temperature dependence of the relative number of C. nemoralis females (a) and males (b) 
trapped in 100 pitfalls per night in spring 1996. The number of individuals caught on day j (nj) is 
related to the number of individuals estimated by the method of Jolly and Seber for the trapping 
day j (Ñj; "small Jolly-Seber tables" were used, cf. section 2.6). For some trapping days an 
estimation was not possible. Cf. Figs. 3.5-1 a, b. 
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Females (a):  Trapping day 2 - 16 (March 29 - May 17): b = 4.64; sb = 1.31; p = 0.004; 
a = 0.78; sa = 12.38; p = 0.950; 
r2 = 0.51; n = 14. 
 Trapping day 17 - 28 (May 20 - June 28):  b = 2.54; sb = 0.94;  p  =  0.025; 
a = -7.74; sa = 15.10; p = 0.621; 
r2 = 0.45; n = 11. 
Males (b):  Trapping day 2 -12 (March 29 - May 3): b = 5.21; sb = 1.49; p  =  0.007; 
a = 7.42; sa = 13.93; p = 0.609; 
r2 = 0.62; n = 10. 
 Trapping day 13 - 21 (May 6 - June 3): b = 5.31; sb = 1.56; p = 0.011; 
a = -16.70; sa = 19.06; p = 0.410; 
r2 = 0.62; n = 9. 
 Trapping day 2 - 21 (March 29 - June 3): b = 4.21; sb = 1.12; p = 0.001; 
a = 6.68; sa = 12.17; p = 0.591; 
r2 = 0.45; n = 19. 
 Trapping day 22 - 28 (June 6 - June 28): b = - 8.44; sb = 1.13; p = 0.002; 
a = 209. 02; sa = 19.72; p = 0.000; 
r2 = 0.93; n = 6. 
 
In both sexes of C. nemoralis the threshold of activity was 4 °C (Figs. 3.5-2 a, b); about 60 %, or even 
more, of all individuals were caught when early night temperature was above 6.5 °C. KENNEDY (1994) 
also reported a low critical temperature in C. nemoralis: near Aberdeen, Scotland, during April and May 
no beetles were trapped when the night-time mean soil surface temperature was < 4 °C, but in two of nine 
nights, when this temperature was > 4 and < 6 °C, specimens were captured, and in 16 of 19 nights with 
mean soil surface temperature > 6 °C, specimens were found in pitfalls.  
Later in the season the temperature dependence changed in both species, in that high temperatures 
seemed no longer to induce such high trapping rates (ALTHOFF et al., 1994). The question arises whether 
this phenomenon was due to a changing temperature reaction or merely to the fact that the numbers of 
alive and active individuals became continuously smaller in the course of the spring season. To test these 
possibilities, we calculated the trapping rates as the quotients "number of animals trapped divided by 
Jolly-Seber abundance estimate for the respective day" (calculated from small Jolly-Seber tables, cf. 2.6). 
Figs. 3.5-3 a, b reveal that indeed, at least in C. auronitens males, the temperature reaction norm seemed 
to have changed in the course of the season 1996. This phenomenon was also observed in several other 
spring seasons (ALTHOFF et al., 1992, 1994), but not in spring 1997. In any case, at the end of a spring 
season, when more and more surviving animals were seeking for resting places and stopping locomotory 
activity, trapping rates no longer depended on ambient temperature. Also in C. nemoralis, the reaction 
norm against temperature seemed to change in spring 1996 (Figs. 3.5-4 a, b). In males, we even observed 
an inverse dependence at the end of the spring; however, this observation is unique so far, and hence its 
relevance is uncertain. 
Dependence of ground-activity (i.e. trapping rates in pitfalls) on humidity has not been observed; the 
loamy soil, which under the litter remained moist even in dry periods, seemed always to release enough 
humidity.  
3.6 Adult weight development and food availability during the spring season 
In adult carabids, individual weight development can serve as an operational measure of foraging 
success, and hence it could indicate food limitation (LENSKI, 1982; VAN DIJK, 1986). Furthermore, 
foraging success is one of the preconditions for reproductive success (VAN DIJK, 1986; SOTA, 1985 a). 
However, measurements of individual weight - a parameter easily obtained in living specimens - have 
rarely been employed in carabid ecology up to now.  
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As a rule, in C. auronitens nutritive substances deposited in the fat body were by no means completely 
consumed at the end of the hibernation period (HEMMER et al., 1986, Tables 3.6-1 and 3.6-2; cf. Section 
3.15). Thus, the costs of early spring activities can be defrayed with the stores laid in at the end of the 
previous activity season (spring and autumn, respectively). 
Table 3.6-1 Development of the fat body during the spring season in C. auronitens. Observations in 
females and males are pooled. n number of animals dissected. Criteria for fat body 
development (-; +; ++; +++) are given in Section 2.4. 1 Sampled in resting places. 
 
year month decade n - + ++ +++ 
1980 March decade 2 19 6 9 4 0 
 April decade 3 12 0 9 3 0 
  decade 1   8 3 2 0 3 
  decade 2 24 9 11 3 1 
  decade 3 10 5 3 2 0 
 May decade 1 10 3 5 2 0 
  decade 2 25 1 5 6 13 
  decade 3 10 0 0 3 7 
 June decade 1 15 0 0 1 14 
1981 April decade 1 17 0 15 2 0 
  decade 2 18 1 15 2 0 
  decade 3 18 6 7 5 0 
 May decade 1 20 0 13 7 0 
  decade 2 20 0 8 8 4 
  decade 3 17 0 5 8 4 
 June decade 1 6 0 0 3 3 
1982 February decade 11 15 0 2 10 3 
 March decade 2 13 0 4 6 3 
 April decade 3 10 0 1 7 2 
  decade 1 13 1 6 6 0 
  decade 2 8 0 4 4 0 
  decade 3 13 2 8 3 0 
 May decade 1 13 1 9 3 0 
  decade 2 14 1 10 3 0 
  decade 3 8 0 5 3 0 
 June decade 1 10 0 3 6 1 
1983 January decade 21 10 0 1 6 3 
 March decade 11 10 0 5 5 0 
 April decade 2 14 0 8 6 0 
  decade 3 8 0 6 2 0 
 May decade 1 10 0 5 5 0 
  decade 2 18 0 12 6 0 
  decade 3 8 0 7 1 0 
 June decade 1 11 0 1 8 2 
      ++/+++  
1987 April decade 1 7 0 5 2  
  decade 2 22 0 14 8  
  decade 3 13 0 12 1  
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year month decade n - + ++ +++ 
 May decade 1 11 0 11 0  
  decade 2 12 0 10 2  
  decade 3 11 0 7 4  
 June decade 1-2 11 0 7 4  
  decade 3 10 0 3 7  
1995 March decade 3 18 0 8 10 0 
 April decade 1 71 0 40 31 0 
  decade 2 13 0 8 5 0 
  decade 3 35 0 31 4 0 
 May decade 1 18 0 10 8 0 
  decade 2 11 0 1 10 0 
  decade 3 23 0 2 13 8 
 June  decade 1-2 7 0 0 2 5 
 
Table 3.6-2 Mean weight (mg) of C. auronitens females and males sampled in resting places at the end of 
the winter. Young and old specimens pooled. 1985 - 1998.  
 
year females mean SD n year males mean SD n 
1985  429 54 34 1985  341 46 38 
1986  450 51 15 1986  370 34 12 
1987  443 82 72 1987  339 63 67 
1988  497 65 27 1988  383 38 27 
1989  442 55 29 1989  n.m.   
1990  445 47 24 1990  354 45 26 
1991  414 63 42 1991  336 31 27 
1992  481 57 40 1992  323 39 45 
1993  460 67 29 1993  337 39 24 
1994  505 54 35 1994  394 42 29 
1995  443 64 38 1995  346 44 37 
1996  499 76 64 1996  392 35 59 
1997  516 70 18 1997  385 50 25 
1998  456 51 36 1998  369 39 30 
 
In the following we shall discuss the weight development in C. auronitens in distinct intervals of the 
spring seasons between 1985 and 1998: in the decades of April and May and in the whole of June 
(Tables 3.6-3 and 3.6-4; measurements in March are incomplete and omitted; for some other intervals 
mean weights are unknown, see Tables 3.6-4 and 3.6-5). In some spring seasons the weight increase of 
females and males started as early as the 1st decade of April (for example 1985, 1987, 1998), in other 
springs, however, the start of weight increase was delayed (for example in 1994 in both sexes, 1988 in 
males and 1992 in females; compare Tables 3.6-2 and 3.6-3).  
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Table 3.6-3 Minimum mean weight (mg) of C. auronitens females and males in intervals of the spring 
seasons 1985 - 1998.  - Intervals: 1 - 1st decade of April; 2 - 2nd decade of April; 3 - 3rd 
decade of April. 
 
year females interval mean SD n year males interval mean SD n 
1985  1 517 73 20 1985  1 390 44 25 
1986  2 477 58 13 1986  2 375 39 12 
1987  1 487 58 29 1987  2 380 34 59 
1988  1 588 103 15 1988  1 389 51 25 
1989  2 528 87 10 1989  1 384 41 143 
1990  2 524 83 67 1990  2 383 50 284 
1991  3 429 79 33 1991  3 350 46 43 
1992  1 491 66 24 1992  1 349 39 51 
1993  1 485 75 58 1993  1 361 37 74 
1994  1 506 85 103 1994  1 375 42 148 
1995  1 478 79 178 1995  1 368 47 191 
1996  3 441 66 149 1996  1 342 46 33 
1997  2 515 65 63 1997  3 373 47 113 
1998  1 545 83 114 1998  2 389 39 11 
 
Table 3.6-4 Maximum mean weight (mg) of C. auronitens females and males in intervals of the spring 
seasons 1985 - 1998. - Intervals: 2 - 2nd decade of April; 3 - 3rd decade of April; 4 - 1st decade 
of May; 5 - 2nd decade of May; 6 - 3rd decade of May; 7 - June. n.m. not measured.  
 
 Maximum mean weight between the 1st  
decade of April and 2nd decade of May 
Maximum mean weight at the end of the 
spring season (in interval 6 or 7) 
year females interval mean SD n interval mean SD n 
1985  4 578a 93 11 7 634 95 15 
1986  4 577 94 33 7 610 68 30 
1987  5 525 73 29 7 597 78 45 
1988  2 630b 77 45 6 654 68 81 
1989  3 601 105 25 7 562 56 11 
1990  5 607 91 66 6 573 123 125 
1991  2 460 79 62 7 535 89 283 
1992  5 527 78 125 7 590 98 41 
1993  5 638 104 154 6 630 95 162 
1994  5 594 76 161 7 610 85 207 
1995  5 553 80 145 6 625 98 310 
1996  5 515 79 135 6 664 98 102 
1997  5 566 64 147 6 602 92 84 
1998  5 567 92 202 6 611 89 81 
year males interval mean SD n interval mean SD n 
1985  3 398a 39 46 7 456 71 19 
1986  5 404 41 62 7 425 42 30 
1987  5 411 46 29 7 456 47 18 
1988  3 395b 45 121 7 443 101 20 
1989  3 402 41 85 7 429 23 6 
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1990  5 417 42 104 6 423 70 130 
1991  5 370 49 49 7 409 58 209 
1992  5 397 55 189 6 405 66 155 
1993  5 442 64 188 7 415 63 95 
1994  5 437 48 163 6 444 51 120 
1995  5 421 44 162 6 452 56 293 
1996  5 396 51 109 6 466 57 95 
1997  5 414 36 169 6 420 53 126 
1998  5 422 53 113  432 48 61 
 
a, b Mean weight of the 2nd decade of May unknown. Females' mean weight of the combined 1st and 3rd decade of May: 
a: 601 ± 87 mg; b: 635 ± 76 mg.  
 
In Section 3.7 it will be shown that the females' maximum weight developed between the 3rd decade of 
April and the 2nd decade of May determined the rate of net reproduction (Bi) to a high degree: the 
maximum weight developed in this period was low in years with a small reproduction rate (Table 3.7-6). 
In most years, the maximum mean weight of females and males until the 2nd decade of May, was 
measured in this decade, in some years, however, earlier; in 1988 and 1991 the females had already 
reached their maximum mean weights in 2nd decade of April (Table 3.6-4). The minimum mean weight 
in spring (Table 3.6-3) was measured in the 1st or 2nd decade of April, in two cases in females and males 
in the 3rd decade of April; and in one case (1996) the females' weight was even considerably smaller (by 
12%) in the 3rd decade of April than at the end of the winter resting period (compare Tables 3.6-2 and 
3.6-3 ).  
As expected, the mean weights of females and males measured in the spring intervals are positively 
correlated (Table 3.6-5); remarkably, there is one exception: the weights measured in the 1st decade of 
May are not correlated; this decade belonged to the period in which the mean weight developed by the 
females seems to be a true measure of egg production rate (Table 3.7-3 ).  
 
Table 3.6-5 Correlations between the C. auronitens females' and males' mean weight measured in intervals 
of the spring seasons 1985 - 1998. - n is the number of pairs of values (from several intervals 
measures are not available, and in one case the males' mean weight of the end of the winter is 
unknown). 
 
Interval rs p n 
winter resting place +0.6593 0.014 13 
1st decade of April +0.6703 0.012 13 
2nd decade of April +0.8667 0.001 10 
3rd decade of April +0.8593 0.000 14 
1st decade of May +0.2396 0.409 14 
2nd decade of May +0.8252 0.001 12 
3rd decade of May +0.5033 0.067 14 
7 June +0.6791 0.008 14 
 
Irrespective of the weight development between the 3rd decade of April and the 2nd decade of May, the 
mean weight was high at the end of the spring season (in the 3rd decade of May or in June). As a rule 
mean weights were even highest at the end of the spring season (exceptions: females in 1989 and 1990; 
males in 1993; compare values in Table 3.6-4). In 1996, when net reproduction rate was very low (Table 
3.2-5), the spring-end-weight was highest in females and males during the years of investigation (Table 
3.6-4; cf. also Section 3.7). Consequently, Bi and the difference between the females' maximum mean 
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weight in the period "3rd decade of April - 2nd decade of May" and that in the period "3rd decade of 
May - June" were negatively correlated (females: rs = -0.6923; p = 0.006). The maximum mean weight at 
the end of the spring season (in the 3rd decade of May or in June) was considerably higher than at the 
end of the winter dormancy period, in females by 17 - 48% and in males by 9 - 34% (cf. Tables 3.6-2 and 
3.6.-4).  
We checked for a dependence of the weight development of C. auronitens in spring on the abundance of 
caterpillars in the forest under investigation (Section 2.1). The mean weight measured in the 2nd May 
decade did not depend on the estimated abundance of caterpillars, nor did the maximum mean weight 
developed in a distinct spring interval prior to and including the 2nd decade of May (see also Section 3.7 
for Bi). However, we detected positive regression coefficients concerning the maximum mean weight 
developed in the 3rd May decade or in June; the coefficient is weakly significant in females and highly 
significant in males (females: b = +5.2205; sb = 2.7884; p = 0.0857; r2 = 0.2261; males: b = +4.2015; sb = 
1.2408; p = 0.0054; r2 = 0.48861; n = 14). Thus, if there is an influence of the abundance of caterpillars 
on weight development at all, it is effective only at the end of the spring season. For example, the 
dramatic weight increase from the 2nd to the 3rd decade of May in 1996 (Table 3.6-4) coincided with a 
year of caterpillar mass-abundance and especially with the period in which the caterpillars descended to 
the ground (cf. Section 4.5). Although C. auronitens is a tree climber and feeds on trunks (Section 3.9), 
caterpillars moving on the ground may be easier to catch. However, in Section 3.15 evidence will be 
discussed that the food was of poor quality (low energy content) when the specimens developed a high 
maximum mean weight in the 3rd decade of May or in June. 
One could conjecture that the (relatively small) year-to-year fluctuations of the maximum mean weight 
developed at the end of the spring season i influenced the survival probability until the spring season i+1; 
this, however, was not the case: the survival rate of the 1st and the 2nd generation of C. auronitens 
females and males (Table 3.2-1) did not depend on the maximum mean weight developed in the 3rd 
decade of May or in June (Table 3.6-4; parameters of regression not shown).  
Weight development in C. nemoralis is less well studied. Fig. 3.6-1 exemplify the weight development of 
C. nemoralis females and males in spring 1994 and spring 1996. In 1994 both females and males started 
with a higher weight than 1996. A drastic weight decline was observed in April 1996, but then at the end 
of May the females' weight was higher than in May 1994, whereas the males' weight was still lower than 
in 1994. At the end of the spring season 1996 the weight of both females and males was again somewhat 
lower than in 1994.  
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Figs. 3.6-1 Weight development in C. nemoralis in spring 1994 and 1996 and in those surviving old beetles that 
were recaught during autumn in the respective year. Means, standard deviations and number of 
trapped beetles are given. 
 
In order to test the food availability in the forest a feeding experiment with C. auronitens was performed 
by Antje Bechtel in 1995 (Table 2-4), when the highest abundance of this species so far was recorded 
inside the 0.2-ha enclosure (625 individuals, corresponding to 1 beetle per 3.2 m2). Pairs of animals were 
kept in pails in the forest and fed ad libitum twice a week (Section 2.8). To compensate for a bias due to 
the small number of fed animals, the weight of the animals compared was standardized by their body 
length. Between April 25 and May 11 the weight of the fed animals was considerably higher than the 
weight of the enclosure specimens trapped (Table 3.6-6). Surprisingly, in the 2nd half of May and on 
most trapping days in June, the mean weight of the fed females and males was no longer so much higher, 
and of the females on May 25 even lower than that of the enclosure animals (Table 3.6-6). Obviously, 
even at the end of the spring season 1995 there was enough food available for C. auronitens to develop a 
large fat body in preparation of the long-term dormancy. This was true for any other spring season during 
the years of observation (Table 3.6-4). This finding does not confirm results of a feeding experiment with 
the carabid Calathus melanocephalus (VAN DIJK, 1986) that point to a permanent relative shortage of 
food in this species in the field (but see BAARS & VAN DIJK, 1984 b, for Pterostichus versicolor). 
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Table 3.6-6 C. auronitens. Comparison of the weight development of beetles trapped in the enclosure and 
of those kept in pairs in plastic pails (Ø 26 cm, height 29 cm) on peat; the latter beetles were 
fed ad libitum with pieces of large cockroaches (Blaberus craniifer) twice a week. The 
experiment was performed in 1995, when the abundance of C. auronitens in the enclosure was 
at its maximum (625 individuals, corresponding to 1 beetle per 3.2 m2). The feeding 
experiment started on March 15. The beetles were collected in the forest near the enclosure. 
Mean refers to the mean of the individual quotients "weight divided by length" (mg/mm); n 
number of animals weighed.  
 
Table 3.6-6 a:  enclosure animals fed animals 
 trapping day mean SD n mean SD  n 
significance 
of mean 
difference 
females March 15 19.78 2.97 74 20.16 2.48 15 >0.1 
 April 4 21.09 1.89 44 22.40 2.52 15 <0.05 
 April 25 21.66 3.01 113 26.11 3.22 15 <0.001 
 May 2 21.41 2.33 130 26.14 3.83 15 <0.001 
 May 11 22.77 2.46 72 27.96 2.97 15 <0.001 
 May 19 23.63 2.58 20 24.66 1.99 15 >0.1 
 May 25 26.94 3.94 112 24.90 2.13 15 <0.01 
 June 6 25.52 2.82 35 29.14 4.41 15 <0.01 
 June 8 23.35 3.03 33 25.16 2.54 15 >0.05 
 June 16 23.89 2.16 19 24.54 2.21 15 >0.1 
 June 26 22.42 3.33 34 23.56 2.07 15 >0.1 
males March 15 16.85 2.06 74 17.93 2.04 15 >0.05 
 April 4 17.44 1.38 58 18.60 1.17 15 <0.01 
 April 25 17.44 1.64 162 19.41 1.75 15 <0.001 
 May 2 17.86 1.61 153 20.21 2.79 15 <0.01 
 May 11 19.27 1.69 72 22.43 2.90 15 <0.001 
 May 19 19.79 1.38 15 19.83 2.09 15 >0.1 
 May 25 21.33 2.27 113 20.88 2.56 15 >0.1 
 June 6 19.44 1.62 43 23.79 3.08 15 <0.01 
 June 8 20.39 2.04 25 21.31 2.49 15 >0.1 
 June 16 19.01 1.89 17 22.08 3.07 15 <0.01 
 June 26 19.66 1.85 23 20.44 2.10 15 >0.1 
 
Moreover, JÖRG MODEREGGER, INGA MAINTZ, MICHAELA RÖSSING, ANNETTE KOPKA & JOHANNES 
LÜCKMANN (Table 2-4) tested for competition for limited food by modified LENSKI (1984) experiments 
(Section 2.8; Tables 3.6-7 a, b). A shortage of food availability would be proved if the fed animals 
benefited from the additional food supply; competition for food, however, would be proved only, if the 
non-fed co-existing specimens showed any indirect profit. We observed possible direct profits from 
additional feeding (points 1-6 below), but only in the 1991 experiment was there one slight hint of 
competition (point 4 below) (Tables 3.6-7 a, b). 
(1) In 1991 the total activity of the fed females was smaller than both the total activity of the non-fed co-
existing females and of the females in the control enclosure (reduction of running activity in animals 
receiving food supplements was also observed by LENSKI, 1984). 
(2) In 1991 the CNL in the fed females increased earlier than the CNL in both the non-fed co-existing 
females and the females in the control enclosure.  
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(3) In 1991 net reproduction in the experimental enclosure was higher than in the control enclosure. 
LENSKI (1984) observed a positive influence of food supplementation on larval abundance and rate 
of adult recruitment. 
(4) In 1991 survival until the next spring season was higher in both the fed and the non-fed females 
within the experimental enclosure than in the females within the control enclosure; survival of the 
fed males was higher than that of both the co-existing non-fed males and the males in the control 
enclosure. LENSKI found that food supplementation had no effect on the survival of reproductive 
specimens, but it improved the survival of teneral adults. Among our observations it remains 
questionable whether high net reproduction and low mortality in the experimental enclosure were 
really due to additional feeding or to some unrecognizable differences of the environmental 
conditions between the enclosures. 
(5) Interestingly, food consumption per individual and feeding was higher in the 1991 experiment than 
in 1993 and 1994 experiments, when no differences at all were found between the three groups of 
beetles. Nevertheless, in 1991 as in 1993 and 1994 the beetles' mean individual weight increase 
during the season was similar in each of the three groups (Table 3.6-7 a, b). Only in two cases was 
there a difference at the p < 0.10 level between the fed animals and the animals in the control 
enclosure: in 1991 between fed and control males concerning weight measure B (cf. Table 3.6-7 a, 
b), in 1993 between fed and control females concerning weight measure A. 
(6) Thus, the comparison of the mean of the weights does not fulfil the expectation, but does the CV of 
the weights? In case of natural food shortage and competition for limited food one would expect the 
CV to increase in the following sequence: fed animals - co-existing non-fed animals - non-fed 
control animals. The difference between two CVs was tested for significance by a statistical method 
outlined by SACHS (1992, p. 360). Differences were found especially in males, and in several cases 
the CV of fed animals was smallest (Tables 3.6-7 a, b); in the females there are two cases with a CV 
smallest in fed animals, however, in one case (1991, measure A) the CV of the fed females was 
largest, and in one case the CV of the non-fed control females (1994, measure B) was smallest. 
Neither in males nor in females did we detect a difference between coexisting non-fed and non-fed 
control animals (Tables 3.6-7 a, b; footnote 4).  
In the 1994 experiment the density of the specimens in the circular enclosures was higher by 24 % than 
the maximum abundance measured in the 0.2-ha enclosure (in 1995; Table 1-1). Nevertheless, in the 
1994 experiment neither a distinct direct nor a distinct indirect profit from additional feeding was 
observed, although the mean quantity of food consumed by the fed animals in the laboratory was not 
small: 179 mg per fed female and 98 mg per fed male. The mean total amount of food consumed in the 
laboratory was 841 mg per female and 578 mg per male. The weight increase in the fed animals and in 
the control animals was nearly identical in 1994 (Table 3.6-7 a, b). 
From the result of our 1994-Lenski experiment we conclude that even at rather high abundances 
competition for food did not play a major role in the dynamics of the C. auronitens population under 
study. Also the feeding effects in the 1991 experiment do not unequivocally point to competition: indeed, 
there were direct effects of feeding, but only one questionable small indirect effect. However, does not 
the weight development during the feeding experiment in 1995 point to competition for food? In Section 
4.4 we shall argue that more probably cold weather impeded the attainability of food in the springs 1991 
and 1995. - SOTA (1985 a), on the other hand, was able to demonstrate a severe food restriction for 
Carabus yaconicus (body length 22 - 30 mm) in the field: he estimated the food amount consumed in the 
field to be 50-70% of the maximum amount of food consumed in the laboratory (150 mg minced beef per 
day), and consequently, the rate of egg ovipositon was 45-59% of the maximum rate observed in the 
laboratory (see also SOTA, 1987).  
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Tables 3.6-7 a-b Influence of additional feeding on the dynamics of enclosed populations of Carabus auronitens 
(cf. Section 2.8). First line: fed individuals in the experimental enclosure; second line: non-fed 
animals in the experimental enclosure; third line: non-fed animals in the control enclosure. For 
the description of this modified Lenski experiment see Section 2.8. 
 
Table  
3.6-7 a 
females 
number  
of indivi-
duals1 
mean 
number of 
feedings 
per indivi-
dual 
mean 
consumed 
quantity 
of food 
(mg)2 
total 
activit
y (%)3
weight 
increase 
(A)4 (mg)
weight 
increase 
(B)4 (mg) 
passing 
the 
50 % 
mark of 
CNL5 
net-
repro-
duc-
tion6 
Mor-
tality 
(%)7 
spring 1991 (May 1 - July 8) 
fed 21/21/21 4.6 ± 2.08 236 ± 95 41 99±103 75±89 June 14 - 
June 17 
0.33 5 
non-fed 22/21/20   51 96±67 82±74 June 24 - 
June 28 
 19 
non-fed 43/43/39   55 103±82 69±86 June 21 - 
June 24 
0.09 47 
spring 1993 (April 4 - June 13) 
fed 20/20/17 6.4 ± 2.4 143 ± 53 47 176±72 109±63 May 19 - 
May 23 
1.41 25 
non-fed 20/19/17   39 160±100 110±89 May 19 - 
May 23 
 47 
non-fed 40/39/34   44 139±66 86±51 May 26 2.02 33 
spring 1994 (April 22 - July 5) 
fed 30/29/25 4.7 ± 2.8 179 ± 55 48 142±58 106±65 May 24 - 
May 27 
0.48 17 
non-fed 32/30/27   49 130±78 95±68 May 31 - 
June 3 
 27 
non-fed 62/58/57   48 144±70 109±18 May 31 - 
June 3 
0.80 24 
 
Table  
3.6-7 b  
males 
Number of 
individuals1 
mean 
number of 
feedings 
per 
individual 
mean 
consumed 
quantity 
of food 
(mg)2 
total 
acti-
vity 
(%)3 
Weight 
increase 
(A)4(mg) 
weight 
increase 
(B)4 (mg)  
passing 
the 50 % 
mark of 
CNL5 
Morta-
lity 
(%)7 
spring 1991 (May 1 - July 8) 
fed 21/20/20 8.0 ± 3.2 126 ± 69 57 96±35 80±34 June 14 - 
June 17 
15 
non-fed 23/23/21   63 81±42 57±53 June 24 - 
June 28 
43 
non-fed 43/41/31   55 83±51 57±58 June 17 - 
June 21 
51 
spring 1993 (April 4 - June 13) 
fed 20/20/19 6.8 ± 1.9 86 ± 26 49 105±38 85±40 May 16 - 
May 19 
35 
non-fed 20/20/19   56 127±64 92±64 May 16 - 
May 19 
30 
non-fed 40/40/23   56 116±60 77±54 May 26 - 
May 31 
45 
spring 1994 (April 22 - July 5) 
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Table  
3.6-7 b  
males 
Number of 
individuals1 
mean 
number of 
feedings 
per 
individual 
mean 
consumed 
quantity 
of food 
(mg)2 
total 
acti-
vity 
(%)3 
Weight 
increase 
(A)4(mg) 
weight 
increase 
(B)4 (mg)  
passing 
the 50 % 
mark of 
CNL5 
Morta-
lity 
(%)7 
fed 30/30/29 5.9 ± 3.0 98 ± 37 59 117±40 106±29 May 24 - 
May 27 
44 
non-fed 30/30/25   56 119±42 102±34 May 31 - 
June 3 
40 
non-fed 60/52/49   58 133±57 109±45 May 31 - 
June 3 
29 
Footnote 
1 First number: number of individuals introduced into the enclosures. Second number: number of individuals recaught at least 
once. Third number: 1991 - number of individuals caught at least by May 31; 1993 - number of individuals caught at least by 
May 9; 1994 - number of individuals caught at least by May 13 (until these dates disappearance of a beetle was due to 
mortality; later on absence of beetles among the catches was due to mortality or quiescence). - 2 Mean consumed quantity of 
food per individual and per feeding. - 3 Total activity: proportion of the number of catches recorded in the possible maximum 
number of catches. Possible maximum number of catches on day i: number of animals present on day i. Animals caught for the 
last time on day i are no longer included in the possible maximum number of catches of the days (i + n). In the 1991 
experiment, the total activity of the fed females differed from the total activity of the non-fed females in the experimental 
enclosure (p = 0.011) and of the non-fed females in the control enclosure (p < 0.001) (G-test). - 4 Weight increase: measure A: 
mean difference between individual starting weight and individual maximum weight; measure B: mean difference between 
individual starting weight and individual weight at last catch. Individuals considered in both measures: individuals at third 
position in column 2 (cf. footnote 1). - Significances: measure A: In 1993 the difference between the weight of the fed females 
and the control females was significant at the p < 0.10 level. In 1991, 1993 and 1994 the CV of the weight of the fed females 
was significantly different from the CV of the co-existing non-fed females (in 1991 it was larger, in 1993 and 1994 smaller; in 
each case p < 0.10). In 1991 the CV of the weight of the fed males was smaller than the CV of the non-fed control males (p < 
0.05). - Significances: measure B: In 1991 the difference between the weight of the fed males and the control males was 
significant at the p < 0.10 level. In 1994 the CV of the weight of the non-fed control females was smaller than the CV of both 
the fed and the co-existing non-fed females (in each case p < 10-6). In 1991 the CV of the weight of the fed males was smaller 
than the CV of both the coexisting non-fed and the non-fed control males (p < 0.01 and 0.0001). In 1993 and 1994 the CV of 
the fed males was smaller than the CV of the non-fed control animals (p < 0.10 and 0.05). – 5 In the 1991 experiment, the 
distribution of the number of individual last catches of the fed females was different from that of the non-fed females in the 
experimental enclosure (p < 0.01) and from that of the non-fed females in the control enclosure (p < 0.01) (Brandt-Snedecor 
test). - 6 Net reproduction: number of animals hatched in the autumn season divided by number of females in the spring season 
of the same year ( = number at second position in column 2; cf. footnote 1). In the 1971 experiment, net reproduction was 
different in the experimental and in the control enclosure (p = 0.034) (G-test). – 7
 
Mortality of the individuals listed at second 
position in column 2 (cf. footnote 1) until the following spring season. S'91 - females: mortality of fed females differed from 
that of non-fed females in the control enclosure (p < 0.001); mortality of the non-fed females in the experimental enclosure 
differed from that of the females in the control enclosure (p = 0.040). S'91 - males: the mortality of fed males and the mortality 
of non-fed males in the experimental enclosure differed with p = 0.058; the mortality of fed males in the experimental 
enclosure differed from the mortality of non-fed males in the control enclosure with p < 0.01 (G-test). - 8 Feeding was omitted 
by mistake in 14 individual cases.  
 
3.7 Egg production in the spring season 
C. auronitens and C. nemoralis produce eggs during the spring season. DELKESKAMP (1930) observed 
egg laying in C. nemoralis from the end of March until the end of May. In laboratory breeding 
experiments too, C. auronitens behaved like a spring breeder (see Section 3.14). In female C. auronitens 
collected from the field and dissected, we observed ripening and ripe eggs in April, May and June 
(Tables 3.7-1, 3.7-2). Moreover, in C. auronitens it was only during the spring season that vitellogenin 
(yolk protein) was demonstrable in the hemolymph of the females (HEMMER et al., 1986; BORGHOFF, 
Table 2-4). Obviously, egg growth starts early in a spring season. However, as it will be discussed below, 
eggs that are laid early or late obviously have only a small chance of developing. - The proportion of 
females with a filled receptaculum seminis increased early (Fig. 3.7-1).  
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Table 3.7-1 Oocyte development in C. 1995. n number of dissected females; na number of females with 
euplasmatic oocytes only; nb number of females with vitelline oocytes; nc number of females 
with chorionized oocytes. ma mean number of chorionized oocytes including all females; mb 
mean number of chorionized oocytes including only females with at least 1 chorionized oocyte 
(each with S.D.). max maximum number of chorionized oocytes per female. 
 
 n na nb nc ma mb max 
April 4 42 0 31 11 0.71±1.44 2.73±1.55 4 
April 7 46 0 37 9 0.83±2.10 4.22±2.95 11 
April 18 14 0 7 7 1.79±2.22 3.57±1.81 7 
April 25 20 0 4 16 4.65±3.26 5.81±2.51 12 
April 28 - May 2 15 0 0 15 3.67±2.58 3.67±2.58 9 
May 9 - May 11 18 0 4 14 4.67±4.10 6.00±3.66 12 
May 16 - May 23 11 2 1 8 5.09±4.35 7.00±3.42 11 
May 25 13 1 2 10 4.69±4.42 6.10±4.07 12 
May 30 10 3 1 6 3.40±3.66 5.67±2.94 9 
June 2 - June 20 7 2 3 2 1.00±1.73 3.50±0.71 4 
 
We observed in the laboratory in C. auronitens that - as in C. nemoralis (DELKESKAMP, 1930) and in 
other Carabus species (SCHERNEY, 1959) - the female laid eggs separately in small chambers formed by 
the apex of the abdomen; additionally we have observed in the laboratory that females burrowed into the 
substrate (a mixture of moist peat and sterilised compost soil, cf. Section 2.9) to lay the eggs. The 
diameter of the egg chamber was only slightly larger than that of the egg.  
In the laboratory, the maximum number of eggs laid by a C. auronitens female was 40 or even somewhat 
more during an experimental long-day period (see Section 3.14). The maximum egg laying rate was 1.7 
eggs (or even somewhat more) per day over at least 10 days. In nature, the maximum number of 
chorionized eggs observed in a female was 13 (Table 3.7-2). However, it is not possible to estimate the 
egg production of a population from the results of dissections as both the duration of oocyte growth and 
the interval between termination of oogenesis and laying of the egg are unknown. It is likely that both 
parameters vary depending on several biotic and abiotic conditions. Following a personal suggestion of 
the late HUBERT WILBERT we investigated the weight increase in females in order to get an indirect 
measure of egg production. In this approach it is expected that the increase of the females' weight in 
spring reflect oocyte development. LENSKI (1984) observed enhanced rates of reproduction and 
recruitment in C. limbatus enclosed in a plot in the natural habitat after the body mass of reproductive 
females had increased as a result of experimental food supplementation (cf. also SOTA, 1985 a).  
Wilbert's expectation is fulfilled in C. auronitens: the relative weight of the females (weight by length) is 
significantly correlated with the number (1-12) of chorionized eggs in the females (Fig. 3.7-2), but no 
correlation has been found with the number of vitelline oocytes (not shown).  
 
Table 3.7-2 Number of chorionized eggs per C. auronitens female ascertained in the spring seasons 1980 - 
1983, 1987 and 1997. n number of dissected females. ma mean number of chorionized oocytes, 
with reference to all females (with S.D.). max maximum number of chorionized oocytes per 
female. u k. unknown. 
 
year month n ma max 
1980 March 27 12 0 - 
 April 1 8 0.1±0.1 1 
 April 11 8 0.4±0.4 3 
 April 15 8 0 - 
 April 19 8 0.9±1.1 3 
 April 25 2 1.5±2.1 3 
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year month n ma max 
 April 29 8 2.4±2.3 6 
 May 5 9 2.6±2.6 6 
 May 12 8 1.6±2.5 5 
 May 20 8 0.4±0.8 2 
 May 29 10 0 - 
 June 8 12 0.6±1.6 7 
1981 April 8 10 4.8±2.5 10 
 April 17 11 2.3±1.7 5 
 May 1 8 1.3±1.7 4 
 May 9 9 2.2±1.6 5 
 May 15 10 0.8±0.9 2 
 May 26 7 0.1±0.7 4 
 May 30 3 1.3±2.3 4 
 June 8 6 0.8±1.5 3 
1982 April 4 13 0 - 
 April 16 8 3.8±3.2 9 
 April 27 3 7.2±4.1 12 
 April 30 10 2.6±1.7 13 
 May 4 6 9.8±2.8 7 
 May 10 7 4.7±1.7 6 
 May 19 14 2.6±1.9 13 
 May 31 7 9.1±2.8 13 
 June 4 5 9.7±2.0 9 
 June 5 5 5.2±3.4 5 
 June 10 3 2.0±1.7 4 
1983 April 12 8 0 - 
 April 18 6 0.5±1.2 3 
 April 28 8 3.4±1.9 5 
 May 8 10 4.6±2.7 7 
 May 19 7 0.7±1.4 4 
 May 20 11 3.9±2.6 7 
 May 22 7 2.4±3.3 4 
 May 30 3 0.6±1.2 2 
 June 4 8 1.6±2.5 8 
1987 April 8 7 0 - 
 April 17 22 0.9±1.7 6 
 April 20 13 1.6±2.3 6 
 May 5 11 2.4±2.2 7 
 May 13 - 19 12 2.6±1.9 5 
 May 27 11 5.7±2.8 10 
 June 2 - 24 11 4.4±4.3 11 
 June 29 10 0.6±1.3 4 
1997 May 20 8 8.6±4.2 uk. 
 27 16 5.7±3.2 uk. 
 June 6 21 3.4±4.0 uk. 
 10 7 4.6±3.9 uk. 
 13 9 2.7±2.4 uk. 
 17 4 4.0±3.7 uk. 
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Fig. 3.7-1 Filling of the receptaculum seminis of C. auronitens females living in Forst Tinnen, in the course of 
spring seasons and in an autumn season. Abscissa: months; above the columns the number of 
females investigated is given (from HEMMER et al., 1986). 
 
 
 
 
Fig. 3.7-2 Dependence of the C. auronitens females' relative weight (quotient: weight by length) on the 
number of chorionized oocytes in the ovaries. Spring 1995. rs = 0.51; p < 0.001; r2 = 0.3209; n = 99. 
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In C. auronitens, the net reproduction rate Bi depended significantly on the females' mean weight in the 
3rd decade of April, in the 1st decade of May and in the 2nd decade of May. r2 is highest (0.4397) when 
Bi is regressed on the females' weight in the 2nd decade of May (Table 3.7-3). Unfortunately, the weight 
in the 2nd decade of May is unknown in two years; when for these two years the mean of the weights in 
the 1st decade and 3rd decade of May is taken as the measure of the weight in the 2nd decade of May, r2 
is not higher (0.4236). Remarkably, Bi did not regress on the mean weights in the other spring intervals 
distinguished, and the regression on the females' mean weight in the 3rd decade of May is even near zero 
(Table 3.7-3).  
That the females' weight development did indeed indicate egg production, and thus Bi, is additionally 
illuminated by the fact that Bi regresses much less on the males' mean weight (Table 3.7-4).  
 
Table 3.7-3 Dependence of Bi of C. auronitens (Table 3.2-5) on the females' mean weight (mg), an 
operational measure of egg production, developed in intervals of the spring seasons 1985 - 
1998. - The mean weight is unknown for several intervals; e.g. from the 2nd decade May in 
1982 and 1988. A: exclusively the mean weight measured in the 2nd decade of May is 
considered. B: the mean weight of the combined 1st and 3rd decades of May is taken for the 
2nd decade of May in 1982 and 1988 (cf. Table 3.6-3). - n = number of seasons considered. 
 
interval n b sb p r2 
winter resting place 14 +0.0024 0.0079 0.7641 0.0779 
1st decade of April 13 +0.0073 0.0063 0.2699 0.1093 
2nd decade of April 10 +0.0024 0.0070 0.7367 0.0149 
3rd decade of April 14 +0.0100 0.0041 0.0309 0.3323 
1st decade of May 14 +0.0103 0.0046 0.0463 0.2915 
A 2nd decade of May 12 +0.0120 0.0043 0.0188 0.4397 
B 2nd decade of May 14 +0.0107 0.0036 0.0117 0.4236 
3rd decade of May  14 +0.0001 0.0045 0.9780 0.0001 
June 14 +0.0101 0.0083 0.2492 0.1089 
 
Table 3.7-4 Dependence of net reproduction rate of C. auronitens (Bi, Table 3.2-5) on the males' mean 
weight (mg), developed in intervals of the spring seasons 1985 - 1998.  
 
interval n b sb p r2 
winter resting place 13 -0.0044 0.0107 0.6891 0.0151 
1st decade of April 13 +0.0002 0.0134 0.9866 0.0000 
2nd decade of April 11 +0.0076 0.0273 0.7857 0.0086 
3rd decade of April 14 +0.0266 0.0119 0.0446 0.2953 
1st decade of May 14 +0.0085 0.0204 0.6837 0.0143 
2nd decade of May 12 +0.0211 0.0130 0.1364 0.2078 
3rd decade of May 14 +0.0067 0.0098 0.5070 0.0375 
June 14 -0.0054 0.0113 0.6386 0.0190 
 
On the other hand, from the finding that chorionized eggs were present in the ovaries from the very 
beginning to the end of a spring season (Tables 3.7-1 and 3.7-2) we have to conclude that egg production 
started earlier and finished later than the above regression analyses indicate. Therefore, from the lack of 
influence of the females' weight in the early and late spring intervals on net reproduction rate (Table 3.7-
3) it must be inferred that eggs produced early or late had a very small chance to develop: it could be that 
from these eggs the very few specimens hatching extremely early or late, respectively, originated (cf. 
Section 3.12). Moreover, early maturing eggs could be stored in the females until the end of April or the 
beginning of May: the females' weight during the 1st and 2nd decade decades of April positively 
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influenced the weight development in the 3rd decade of April and the 1st decade of May (Table 3.7-5). In 
the following a further indication for a (small) influence of early egg production on net reproduction will 
be discussed. 
Table. 3.7-5 Correlation between the C. auronitens females' mean weight measured in distinct intervals of 
the spring seasons 1985 - 1998 (data sets from March are fragmentary and therefore omitted). - 
Intervals distinguished: WR: collected from winter resting places; 1 - 3: 1st - 3rd decade of 
April; 4 - 6: 1st - 3rd decade of May; 7: June; cf. Table 3.6-3) - n is the number of pairs of 
values (from several intervals measures are not available). - Spearman's rank correlation 
coefficient rs is given; (*) p < 0.10; * p < 0.05; ** p ≤ 0.01; *** p ≤ 0.001. 
 
 1 2 3 4 5 6 7 
WR +0.2088 +0.3576 +0.1077 +0.2615 +0.3357 +0.4505 +0.2440 
 n = 13 10 14 14 12 14 14 
1  +0.9677*** +0.9286*** +0.8187*** +0.4929 -0.0110 +0.2637 
  n = 9 13 13 11 13 13 
2   +0.8788*** +0.5515 (*) +0.1167 +0.3818 +0.1636 
   n = 10 10 9 10 10 
3    +0.8286*** +0.6503* +0.1297 +0.3231 
    n = 14 12 14 14 
4     +0.6713* +0.1077 +0.6044* 
     n = 12 14 14 
5      +0.2587 +0.3497 
      n = 12 12 
6       +0.4637 
       n = 14 
 
With two exceptions, the maximum mean weight of the females developed in the spring was highest in 
the 3rd decade of May or in June (Section 3.4, Table 3.6-4). If Bi is regressed on the females' maximum 
mean weight developed in the 3rd decade of May or in June, the coefficient of determination is extremely 
small (r2 = 0.0084; Table 3.7-6); the same result is yielded when Bi is regressed on the maximum mean 
weight developed between the 2nd decade of April and June or between the 2nd decade of April and the 
3rd decade of May (Table 3.7-6). Thus, the analyses of regression given in Table 3.7-3 are confirmed: 
the females' season-end weight did not influence egg production, although it was high in each spring. - 
When, on the other hand, Bi is regressed on the maximum mean weight developed in the 1st or 2nd 
decade of May, the coefficient of determination is 0.4866 (p = 0.0035). The coefficient is even higher 
when the maximum mean weight developed between the 3rd decade of April and the 2nd decade of May 
is used (r2 = 0.5439). In two cases the maximum mean weight developed until the 2nd decade of May 
was observed as early as in the 2nd decade of April (Table 3.6-4). When Bi is regressed on the maximum 
mean weight developed between the 2nd decade of April and the 2nd decade of May, r2 remained high 
(r2 = 0.5490; Table 3.7-6).  
 
 
 
 
 
 
Behavioural, reproductive and developmental seasonality in Carabus auronitens and Carabus nemoralis 
Mitt. Biol. Bundesanst. Land- Forstwirtsch. 382, 2001 63
Table 3.7-6 Dependence of net reproduction of C. auronitens (Bi, Table 3.2-5) on maximum mean weights 
(mg) developed in spring seasons 1985 - 1998. An example how the table is to be read: "2nd 
decade of April - June" the maximum mean weight developed between the 2nd decade of April 
and June is considered. Cf. Tables 3.6-4 and 3.7-3. n = 14 in all cases. 
 
period b sb p r2 
3rd decade of May or June +0.0023 0.0071 0.7554 0.0084 
 2nd decade of April - June +0.0062 0.0077 0.4396 0.0506 
2nd decade of April - 3rd decade of May +0.0037 0.0052 0.4866 0.0412 
1st decade of May or 2nd decade of May +0.0121 0.0036 0.0055 0.4866 
3rd decade of April - 2nd decade of May +0.0126 0.0032 0.0026 0.5439 
2nd decade of April - 2nd decade of May +0.0132 0.0034 0.0024 0.5490 
 2nd decade of April - 1 decade of May +0.0104 0.0045 0.0416 0.3023 
2nd decade of April - 3rd decade of April +0.0098 0.0048 0.0654 0.2552 
 
These results also confirm the regression analyses shown in Table 3.7-3. More than that, the continuous 
increase of the coefficient of determination, when not only the mean weight in the 2nd decade of May, 
but the maximum weight in the period "1st decade of May - 2nd decade of May" and then that in the 
period "3rd decade of April - 2nd decade of May" is considered (Table 3.7-6), shows that - at least in 
some years - during each of these decades eggs were laid, which had a chance to develop and to 
contribute to the reproductive success. Moreover, when the maximum weight between the 2nd decade of 
April and the 2nd decade of May is used, the coefficient of variation does not become smaller: this could 
mean that effective egg production can also take place in the 2nd decade of April.  
Bi does not regress on the CV of the females' maximum weight developed between the 3rd decade of 
April and the 2nd decade of May (b = +0.1467; sb = 0.1435; p = 0.3269; n = 14); this could mean that not 
a fraction, but the total of the females contributed to a high Bi. Moreover, Bi did not regress on the 
females' minimum mean weight measured in April (Table 3.6-3; b = +0.0077; sb=0.0056; p = 0.1946); 
this means that a decline of the females' mean weight in the early spring season does not inevitably 
influence the egg production.  
A possible objection to the use of the females' weights as measure of egg production is that the age 
cohorts can differ regarding mean body size (Section 3.11). A simple way to standardize the females' 
mean weight is to divide it by the males' mean weight measured in the same period of spring (body size 
of females and males of the same age cohort are positively correlated: Section 3.11). Doing so, we did 
not find any large difference from the analyses above (Table 3.7-7). The only difference is that now also 
the relative weight in June had a weakly significant influence on Bi. We regard this deviation as not 
relevant: it points to some influence of late egg laying on Bi as has been discussed above.  
 
Table 3.7-7 Dependence of Bi of C. auronitens on the quotient "females' mean weight divided by males' 
mean weight" in periods of the spring seasons 1985 - 1998. - Cf. Table 3.7-3 and 3.7-6. 
 
interval n b sb p r2 
1st decade of April 13 +4.5300 3.0483 0.1654 0.1672 
2nd decade of April 10 +1.3768 3.3980 0.6960 0.0201 
3rd decade of April 14 +5.3277 2.6192 0.0647 0.2564 
1st decade of May 14 +4.7338 1.9563 0.0323 0.3279 
2nd decade of May 12 +9.1787 2.8989 0.0101 0.5006 
3rd decade of May  14 +1.3086 2.2569 0.5728 0.0272 
June 14 +7.6724 3.6194 0.0556 0.2724 
max. quot. 2nd decade of April - 2 decade of May 14 +6.2621 2.1686 0.0136 0.4100 
max. quot. 3rd decade of May - June 14 +2.5798 3.0485 0.4140 0.0563 
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In C. auronitens Bi does not regress on the estimated abundance of caterpillars in the forest of 
investigation (Section 2.1; b = -0.0652; sb = 0.0549; p = 0.2522; r2 = 0.081; n = 18); this is consistent 
with the finding that the maximum mean weight developed until the 2nd decade of May did not regress 
on the abundance of caterpillars (Section 3.6). - In C. nemoralis, there is even a negative regression of Bi 
on the abundance of caterpillars (b = -0.3004; sb = 0.1194; p = 0.0534; n = 7); this may have been the 
consequence of a chance coincidence of caterpillar mass-production and low reproduction rates in 
C. nemoralis between 1994 and 1997 (cf. Section 2.1 and Table 3.1-5). 
We are not able to estimate the extents to which the various generations of that were active during a 
spring season contributed to net reproduction. Remarkably enough, C. auronitens bred in the laboratory 
did not reproduce in the first experimental spring period (cf. Section 3.14). In nature, however, the 
increase of the frequency of females with corpora lutea during the course of a spring season (MONIKA 
BORGHOFF, Table 2-4; Fig. 3.7-3) proved that young C. auronitens females participated in egg 
production (cf. Section 3.14). Moreover, MONIKA BORGHOFF has shown that young females still lacking 
corpora lutea in early spring exhibit hemolymph vitellogenin. However, the young females' weight 
increase was sometimes smaller than that of the old generations, but in spring 1993 it was inverse (Table 
3.7-8). With caution, it may be inferred that the relative contribution of the young generation to 
reproduction was sometimes smaller than that of the old generations. This is consistent with the 
observation that - as a rule - the spring season of the young generation was shorter than the spring season 
of the old generations (Section 3.3). Accordingly, VAN DIJK (1996) reported for Pterostichus versicolor, 
a spring breeder like C. auronitens, that the older the beetles are, the more eggs the females lay. Arizona 
Brachinus species do not reproduce until the 2nd year of adulthood, and increased feeding does not lead 
to earlier reproduction (Juliano, 1986). In the autumn breeder Leptocarabus kumagaii 2-year-old females 
showed egg production in the laboratory comparable to (or even greater than) that of young females 
(SOTA, 1984; 1987).  
 
 
 
Fig. 3.7-3 Proportion of C. auronitens females with corpora lutea around the neck of the ovarioles (an 
indication that eggs have been laid; KERN, 1912) in winter 1999/2000 and spring 2000. Forst 
Tinnen specimens were investigated, with exception of Dec. 12, Jan. 21, Febr. 24 and April 1, when 
females collected from other forests of the Westphalian Lowlands were dissected.  
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Table 3.7-8 Maximum mean weight between 1st decade of April and 2nd decade of May in young (0.5 
years after hatching) and old (≥ 1.5 years after hatching) female C. auronitens. *** Mean 
weights of young and old females differ with an error probability < 0.001; * mean weights 
differ with p < 0.05. 
 
 young females old females 
 decade mean SD n decade mean SD n 
1993  2nd of May 663*** 101 100 2nd of May 591 93 54 
1994 2nd of May 594 78 113 1st of May 604 92 45 
1995 2nd of May 532* 90 52 2nd of May 565 79 93 
1998 2nd of April 560 104 24 1st of April 583 92 57 
 
The question arises whether the reproductive effort influenced the physiological condition of the 
reproductively active specimens. However, at the end of the spring season the mean absolute weight of 
females and males did not depend on the reproductive success in the corresponding year: Bi did not 
regress on the maximum weight measured in the 3rd decade of May or in June (Tables 3.7.3 and 3.7-6). 
One could suggest that the CV of the mean weight at the end of a spring season was larger, the higher the 
net reproduction rate in the respective year (if some females contributed very much to the reproductive 
success and spent all their energy on this). However, there is also no correlation between the CV of the 
females' maximum weight and the reproduction rate Bi (rs = -0.2615; p = 0.366, n = 14). It seems that in 
C. auronitens food storage at the end of the spring season was neither positively nor negatively 
influenced by the effort expended in reproductive activity, e.g. egg production. Even when the weight 
increase in the mid-season and hence Bi were small, the weight increased at the end of this season 
considerably as preparation for the forthcoming long-term dormancy (see Section 3.6). - BAARS & VAN 
DIJK (1984 b) also found, for Pterostichus versicolor, that food was generally sufficient for survival 
(whereas in this species egg production was often limited by food).  
3.8 Patterns of movement on the ground 
Patterns of movement on the ground have been investigated in C. auronitens both by harmonic radar 
(Sections 2.10) and in orientation enclosures (Section 2.11, HOCKMANN et al., 1989; NIEHUES et al., 
1996), and in C. nemoralis in orientation enclosures (HOCKMANN et al., 1992).  
In spring 1987 we tracked 7 C. auronitens females and 6 males on the forest floor with harmonic radar 
for periods of 4 - 30 days (Table 3.8-1). Starting between 21.00 and 22.00 MEST, the positions of the 
beetles were localized at intervals of 30 - 60 minutes, usually until midnight. A further position was 
taken after sunrise. The air distance covered between start and end of the tracking periods varied widely 
(Table 3.8-1): in males it averaged between 0.49 m and 4.71 m per night, in females between 0.44 m and 
3.30 m. This large variability was mainly due to a rather different locomotory behaviour of the 
specimens tracked: several beetles were moving around without covering large air distances during the 
period of observation (cf. Fig. 3.9-1 for male 4), whereas other beetles covered occasionally long 
distances during a night: for example male 3 during night 4 of observation walked an air distance of 41 
m, and during night 19 an air distance of 16.9 m (Fig. 3.8-1). Long distance running was also observed in 
male 1 (Table 3.8-1), but less distinctly in the other males and in the females (Fig. 3.8-2 for female 2). 
Characteristically, even the long distance runners inserted periods of running to and fro and, thus, 
temporarily covering small air distances (for example male 3 in Fig. 3.8-1). Thus, in long distance 
runners, the patterns of locomotion resembled alternating sequences of "random walking" and "directed 
movement" as first described for carabid beetles by BAARS (1979 b). BAARS conjectured that beetles are 
able to keep moving in rather constant directions without using local orientation marks during periods of 
"directed movement". During periods of "random walk" the direction of walking appears to change 
irregularly.  
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Table 3.8-1 Data from harmonic radar tracing in spring 1987 (May 5/6 - June 3/4). Nos. refer to Table 3.9-
1. Lengths of single paths are the distances covered between two successive radar localizations 
(taken every 30 - 60 min from sunset till usually midnight; cf. Sections 2.10.). 
 
 no. of 
specimen 
total number 
of nights 
number of 
nights with 
activity 
total air 
distance 
covered (m) 
sum of 
single path 
lengths (m) 
females 1 30 16 7.1 27.9 
 2 30 20 16.6 48.3 
 3 16 7 3.3 5.7 
 4 30 12 8.5 30.9 
 5 23 14 10.9 25.4 
 6 17 11 1.2 24.5 
 7 4 4 13.2 14.8 
males 1 24 21 45.4 96.8 
 2 29 14 14.3 39.5 
 3 29 20 94.2 134.4 
 4 29 21 10.3 46.7 
 5 14 10 10.3 29.5 
 6 9 7 19.2 25.3 
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Fig. 3.8-1 Male 3, tracked from May 6/7 till June 3/4. The trace is displaced three times. Directions of the 
ways longer than 1.00 m between two controls are figured in a circle: the length of the mean vector 
deviates significantly from zero (n = 27; α = 125.6°; a = 0.54; p < 0.001). Directions of the ways 
smaller 1.00 m are not clustered (not shown) (n= 28; a = 0.21; p > 0.05) (modified from 
HOCKMANN et al., 1989). 
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Fig. 3.8-2 Female 2, tracked from May 5/6 till June 3/4. Directions of the ways longer 0.75 m between two 
controls are figured in a circle: the length of the mean vector deviates significantly from zero (n = 
24; α = 147.9°; a = 0.36; p = 0.05). Directions of the ways smaller 0.75 m are not clustered (not 
shown) (n= 26; a = 0.13; p > 0.05) (modified from HOCKMANN et al. 1989). 
 
Figures 3.8-1 and 3.8-2 are patterns of movement in C. auronitens tracked by harmonic radar in spring 
1987 (cf. Table 3.8-1). Positions where the beetles have been localized are numbered (in a few cases 
positions are not numbered but marked). Partly the positions are additionally marked by a small line. 
Position with one star (*): site of resting during day; positions with n stars: the beetle was inactive during 
n-1 nights. Small circles are trees (true scaled); in cases the trace intersects a tree circle climbing has not 
been monitored; when the trace ends at a tree circle, climbing up the respective tree has been ascertained. 
For symbols cf. Fig. 3.8-1 (modified from HOCKMANN et al., 1989). 
Extremely long distance running has been ascertained by radar tracing in C. nemoralis males by 
KENNEDY (1994): the mean distance covered per night was 55.16 m (standard error {SE} = 20.41 m), 
but two individuals covered over 200 m in one night. The mean velocity (including rest periods) during 
warm nights (mean soil surface temperature > 6 °C) was 2.16 m /hr (SE = 1.00) in a semi-natural habitat, 
which was preferred by this species; it was 6.34 m/hr (SE = 2.94) in a set-aside habitat and as high as 
41.82 m/hr (SE = 12.63) in an arable habitat.  
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Locomotory patterns can be checked for intervals of directed movement by two criteria (Baars, 1979 b): 
(A) long paths covered between two radar controls are combined with small turning angles between two 
successive paths (for the sequence of path vectors and turning angles see Fig. 2-3); (B) the compass 
directions of long paths are significantly clustered about a mean direction. - We applied both criteria to 
check individual patterns for sequences of directed movement, as follows. (A) The pairwise 
combinations {li-1 - ϕi} are grouped to a 2 x 2 contingency table by the median of the frequency 
distribution of the turning angles (ϕ) and the median of the frequency distribution of the path lengths (l); 
the random occupation of the 2 x 2 contingency tables was tested by the G-test. Accordingly, the 
grouping of the pairs {li - ϕi} was tested. By this criterion we detected directed movement only for male 
1 in the grouping of {li - ϕi} (Table 3.8-1; G = 3.91; a < 0.05). (B) Short and long paths were grouped by 
the median of the frequency distribution of the path length (l). The compass directions of the paths of 
both groups were checked by Raleigh's test for circular clustering. The long and short paths of male 1 
(median: l = 1.20 m), the long paths of male 3 (l ≤ 1,00 m; Fig. 3.8-1), and the long paths of female 2 (l ≥ 
0.75 m; Fig. 3.8-2) were found to show clustered compass directions (p ≤ 0.05). Thus, it seems that also 
C. auronitens is able to keep a running direction constant, as well as to resume a distinct direction after 
having inserted an interval of random walk (cf. the locomotory pattern of male 3 in Fig. 3.8-1).  
The results of radar tracking motivated us to employ another method to investigate the phenomenon of 
running direction constancy more efficiently. We discovered that circular enclosures with a large number 
of pitfalls around the inner side of the fence (e.g. at distances of 5 degrees of arc) are suitable for 
investigating the beetles' ability to keep directions of running constant (see also Rijnsdorp, 1980). In 
spring 1997 and 1998 we introduced several C. auronitens and C. nemoralis specimens into two 
enclosures (A: Ø 19.5 m, B: Ø 10 m) (Table 3.8-2). Usually the pitfalls just inside the fences were 
checked several times per night and in any case in the morning after sunrise (see the monitoring program 
in Table 3.8-3). The results are detailed for C. auronitens in HOCKMANN et al. (1989) and for 
C. nemoralis in HOCKMANN et al. (1992). 
 
Table 3.8-2 (I) Number of specimens released into the orientation enclosures A (Ø 19.5 m) and B (Ø 10 m). 
(II) Number of specimens with at least one significant orientation sequence. 
 
  I II 
 C. nemoralis females males  females males 
1987 A 15 26 14 21 
 B 9 15 8 10 
1988 A 29 30 12 7 
 B1 10/11 11/10 5/4 5/7 
 C. auronitens females males  females males 
1987 A 33 38 11 27 
 B 15 15 10 9 
1988 A 30 34 5 7 
 B 7 13 3 6 
 
1 Introduced between May 4 - May 11 and investigated until June 19; these specimens were loaded either with a piece of copper 
(first number) or with a bar magnet (second number) (see Section 2.10). 
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Table 3.8-3 Program of pitfall trapping along the inner side of circular fences in spring 1987 and 1988 
(enclosures A and B; cf. Table 3.8-2). Pitfalls were continuously open during the intervals of 
investigation. They were checked most frequently during the first half of the night. In all cases, 
one check was after sunrise in the morning.  
 
 interval of investigation number of controls per 24 hrs day 
1987 April 5/6 - June 2/3 totally 212  
 April 5/6 - April 15/16 2 - 6 
 April 16/17 - April 20/21 closed 
 April 20/21  1 
 April 21/22 - April 22/23 3 - 4 
 April 23/24 - May 1/2  5 - 9 
 May 2/3 - June 2/3 2 - 5 
1988 April 15/16 - 28/29 May totally 236 
 April 15/16 - April 21/22 5 - 6 
 April 22/23 - April 28/29 1 
 April 29/30 - May 17/18  4 - 7 
 (May 9/10 a. May 10/11) 11 
 May 18/19 a. May 19/20 1 
 May 20/21 4 
 May 21/22 a. May 22/23 1 
 May 23/24 - May 28/28 5-6 
 May 29/30 2 
 May 30/31 - June 18/19 1 
 
Individuals of both C. auronitens and C. nemoralis, were observed to prefer more or less small sectors of 
the enclosures and hence were found in adjacent pitfalls or even the same pitfall during a sequence of 
(successive) recaptures. In these cases, the individuals were probably engaged in directed movement 
inside the circular enclosure. It has to be stressed that such beetles must orientated themselves anew 
between any two successive recaptures, as after each capture they were replaced in the centre of the 
enclosure. Usually, in cases of orientation the individual direction was kept constant over several days. 
As examples, Fig. 3.8-3 shows recaptures of a male, Fig. 3.8-4 of a female of C. nemoralis during an 
interval of orientation: the male was recaptured 16 times from April 22 to 29 (1987), preferring a 
direction of 103° with high precision (a = 0.92), the female was recaptured 14 times from April 20 to 
April 30 (1987) preferring 357° (a=0.65).  
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Fig. 3.8-3 Recaptures of a C. nemoralis male, investigated in enclosure B in 1987 (Table 3.8-2). Prior to the 
period illustrated here, this individual was orientated significantly during a sequence of 6 recaptures 
from April 5/6 till April 8/9 (α = 244°); during the following 2 weeks the specimen was rather 
inactive and not orientated (4 recaptures). As shown in Fig. 3.8-3 a, from April 22/23 till April 
29/30 16 recaptures were clustered around a direction of 103° (a = 0.92; p < 0.01). In the following 
two nights recaptures were randomly distributed; then, for 5 nights, the beetle was inactive. 11 
recaptures between May 7/8 and June 1/2 (Fig. 3.8-3 b) were again randomly distributed (a = 0.25) 
(modified from HOCKMANN et al., 1992). 
 
 
Fig. 3.8-4 Recaptures of a C. nemoralis female, investigated in enclosure A in 1987 (Table 3.8-2). Until April 
19/20 the specimen was not orientated, then from April 20/21 to April 30/May 1 it preferred North 
(α = 357°; a = 0.65, p < 0.01; Fig. 3.8-4 a). After a period of inactivity its recaptures were randomly 
distributed between May 9/10 and June 1/2 (a = 0.19; Fig. 3.8-4 b) (modified from HOCKMANN et 
al., 1992). 
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Fig. 3.8-5 Recaptures of a C. nemoralis male investigated in enclosure A in 1987 (Table 3.8-2). At the 
beginning of the experiment 7 recaptures were randomly distributed. From April 23/24 to April 
30/May 1 the specimen orientated towards South (α = 187°, a = 0.56, p < 0.001; Fig. 3.8-5 a); 
during the night April 30/May 1 it changed the preferred direction spontaneously to North until 
May 26/27 (α = 345°; a = 0.73, p < 0.01; Fig. 3.8-5 b) (modified from HOCKMANN et al., 1992). 
 
 
 
 
 
Fig. 3.8-6 Recaptures of a C. nemoralis male investigated in enclosure A in 1988 (Table 3.8-2). From April 
2/3 to April 7/8 this specimen was orientated to East (α = 100°, a = 0.96, p < 0.01; Fig. 3.8-6 a). 
Then its recaptures were randomly distributed. Between April 27/28 and May 12/13 its recaptures 
were axially distributed (Fig. 3.8-6 b; axis of orientation 145/325°; p < 0.01) (modified from 
HOCKMANN et al., 1992).  
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Sequences of orientation were flanked by sequences of non-orientation, by periods of inactivity or by 
sequences with another direction preferred. Fig. 3.8-5 shows the behaviour of a male that changed the 
preferred direction spontaneously within a night by nearly 180°. In several specimens we observed that a 
sequence of orientation was followed by a period without orientation (or even without activity), and then 
the beetle again preferred a direction (another one or the same direction as before). Already radar tracing 
has given the impression that after a period of random walking or after nights without activity a previous 
preferred direction can be resumed (cf. Fig. 3.8-1). In a few cases we observed that within a sequence of 
recaptures in the circular enclosure a specimen randomly chose two directions distributed approximately 
axially (Fig. 3.8-6).  
Referring to Baars' criteria we got the impression that an individual was more frequently recaptured 
during a period of orientation than when it was not maintaining a constant direction. We confirmed this 
in C. auronitens by analyzing the dependence of the turning angle between two successive individual 
recaptures on the time interval between these recaptures (considering only recaptures during one night): 
in individual recaptures after 1 hr the maximum of the frequency distribution of the turning angles was in 
the class of 0° - 30°; in individual recaptures after 2 - 5 hrs the frequency distribution of the turning 
angles between successive recaptures did not deviate from a random distribution (Table 3.8-4). In 
C. nemoralis we analyzed the dependence of the turning angle between two successive individual 
recaptures on the number of individual recaptures within an interval of 9 days: the frequency distribution 
of the turning angle deviates from a random distribution in those specimens that were recaptured 9 - 12 
times or more frequently, but not in those that were recaptured only 4 - 8 times (Table 3.8-5). These 
results are as expected, given that an orientated specimen usually covers larger air distances per time unit 
than a specimen that is not orientated, but walking at random. It should be stressed, however, that the 
results in Tables 3.8-4 and 3.8-5 refer to all individual recaptures: orientated and not orientated 
specimens are pooled. Hence it may not be concluded that an animal is orientated only if it is 
continuously running and therefore showing a large recapture rate. It has been mentioned above that 
beetles are able to keep a preferred direction over several 24-hr days; moreover, in orientation enclosures 
we have indeed observed beetles that, while seldom recaptured (and inactive during some nights), were 
significantly orientated (Fig. 3.8-7). The opposite has also been observed: often recaptured, but not 
orientated individuals.  
 
Table 3.8-4 C. auronitens: dependence of the turning angle between two successive recaptures of an 
individual on the temporal separation between these recaptures. Only recaptures during one 
night are considered. Values of females and males pooled. Interval of investigation: April 23/24 
- May 1/2 1987. The frequency distributions of the turning angles between the recaptures after 
1 hr deviate significantly from a random distribution (enclosure A: α < 0.001; B: p < 0.05). No 
deviation of the distribution of the turning angles from a random deviation (p > 0.05) in 
recaptures after 2-5 hrs. 
 
turning angle (degrees of 
arc) 
recapture after  
1 hr 
recapture after 2-
5 hrs 
 A B A B 
0° - 30° 23 10 12 10 
30° - 60° 16 6 13 10 
60° - 120° 5 2 10 11 
120° - 150° 2 1 8 2 
150° - 180° 2 3 6 6 
 
 
 
 
Behavioural, reproductive and developmental seasonality in Carabus auronitens and Carabus nemoralis 
 Mitt. Biol. Bundesanst. Land- Forstwirtsch. 382, 2001 74 
Table 3.8-5 C. nemoralis: dependence of the turning angle between two successive recaptures of an 
individual on the number of individual recaptures within an interval of 9 days (April 23/24 - 
May 1/2 1987). Specimens in enclosure A and B pooled (cf. Tables 3.8-2 and 3.8-4).  
 
number of 
recaptures 
 
4 - 8 
 
9 - 12 
 
13 - 16 
 
17 - 20 
 
> 21 
 females males females males females males females males males 
n 6 13 7 12 7 6 4 4 2 
0°-30° 7 17 16 44 29 33 25 29 16 
30°-60° 3 12 15 20 20 15 14 7 13 
60°-90o 4 11 8 16 10 8 12 12 8 
90°-120° 6 8 4 14 9 10 4 7 1 
120°-150° 6 7 4 8 8 9 5 3 0 
150°-180° 2 3 3 4 0 2 5 5 2 
p > 0.05 > 0.05 < 0.01 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
 
 
 
Fig. 3.8-7 Recaptures of a C. nemoralis female investigated in enclosure A in 1988 (Table 3.8-2). This 
specimen was captured between April 25/26 and June 10/11. Its captures were randomly distributed 
except for a sequence of 4 recaptures between May 2/3 and May 9/10 (α = 190°, a = 0.91, Rao's 
spacing test: p < 0.01). During this period the number of controls was 33 (modified from 
HOCKMANN et al., 1992).  
 
Like harmonic radar experiments, circular enclosure experiments give an impression of the running 
performance of the beetles. During a period of orientation the air distance covered by a beetle not 
recaptured and replaced in the centre of the enclosure would be at least  
s = r . n . a 
where 
r = the radius of the enclosure, 
n = the number of recaptures and 
a = the length of the mean vector. 
 
Maximum calculated air distances covered were as follows. For C. auronitens females: 57 m during 4 
nights; for C. auronitens males: 86 m during 9 nights; for C. nemoralis females: 89 m in 11 nights; for 
C. nemoralis males: 146 m in 11 days. Again, the maximum air distances calculated for C. nemoralis 
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males were much smaller than the mean air distances covered by non-fenced C. nemoralis males in 
KENNEDY'S, 1994, experiments (see above). 
A most important result is the observation that the individual preferred directions shown by females and 
males of C. auronitens and C. nemoralis were randomly distributed (Fig. 3.8-8). From this result it may 
be concluded that an animal preferring a distinct direction inside a circular enclosure did not use a 
landmark for orientation (for it to do so would imply that the beetles had a detailed knowledge about the 
surroundings of the respective enclosure), but rather that they used a non-local orientation cue. 
Magnetotaxis has been demonstrated in several insects (MERKEL, 1980; BAARS, 1979b) has 
hypothesized that carabid beetles also use a magnetic compass when they display the locomotory 
behaviour of directed movement. To test this possibility we attached a bar magnet to each of 11 females 
and 10 males of C. nemoralis and - as a control - attached a piece of copper of the same weight and size 
to 10 females and 11 males (Table 3.8-2; cf. Section 2.11). In one female and 4 males the south pole of 
the magnet was directed towards the head, in the other specimens it was the north pole. Surprisingly, not 
only the copper-loaded control animals, but also the animals carrying a magnetic bar were able to keep a 
constant direction in the circular enclosure (Table 3.8-2, Figs. 3.8-9, 3.8-10). The individual directions, 
however, were not randomly distributed as in unloaded beetles (Fig. 3.8-8), but clustered to N and NNW 
(the mean directions of the copper- and magnet-loaded beetles do not deviate from another; Fig. 3.8-11). 
It could be that the weight the beetles had to carry induced an escape reaction. Indeed, these beetles 
differed from unloaded beetles investigated during the same period with respect to the intensity of 
locomotory activity: they were recaptured 3 - 4 times more frequently. Thus, it is not possible to 
conclude whether the "magnetic" beetles orientated themselves in the same way as beetles that displayed 
directed movement by choosing some arbitrary direction and keeping it constant during displaying 
directed movement, or whether they were guided by the same prominent local landmark.  
 
 
Fig. 3.8-8 Orientation of C. nemoralis females and males in enclosure A in 1988 (line "1988 A" in Table 3.8-
2). The individual mean vectors are randomly distributed (females and males pooled: a = 0.07; p > 
0.05). 12 of 29 females (.) and 7 of 30 males (*) displayed at least one sequence of recaptures with 
a preferred direction (modified from HOCKMANN et al., 1992). 
 
FIG. 3.8-9 Recaptures of a C. nemoralis male loaded with a piece of copper on May 10. Enclosure B in 1988 
(Table 3.8-2). Until May 19/20 this specimen preferred a direction of α = 13° (a = 0.75; p < 0.01). 
After that, recaptures were randomly distributed (modified from HOCKMANN et al., 1992). 
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Fig. 3.8-10 a) Recaptures of a C. nemoralis male loaded with a bar magnet on May 8. The north pole pointed to 
the head. Enclosure B in 1988 (Table 3.8-2). From May 9/10 until May 25/26 it preferred a 
direction of α = 296° (a = 0.93; p < 0.01). After that, recaptures were randomly distributed 
(modified from HOCKMANN et al., 1992). b) Recaptures of a C. nemoralis female loaded with a bar 
magnet on May 9. The south pole pointed to the head. Enclosure B in 1988. From May 9/10 until 
the end of the experiment (June 18/19) it preferred a direction of α = 250° (a = 0.53; p < 0.01) 
(modified from HOCKMANN et al., 1992). 
 
 
 
Fig. 3.8-11 Orientation of C. nemoralis females (.) and males (*) loaded with a piece of copper (Fig. 3.8-11 a) 
or with a bar magnet (Fig. 3.8-11 b). The figures give the distribution of the individual mean 
directions; in both cases the mean vector length deviates significantly from zero (p ≤ 0.05). 
Enclosure B in 1988 (Table 3.8-2). The individual mean directions are significantly clustered 
(females and males pooled: Fig 3.8-11 a: α = 17°, a = 0.67; p > 0.01; Fig. 3.8-11 b: a = 324, a = 
0.58, p < 0.05). The mean directions in Figs. 3.8-8 a and b do not deviate from one another 
(U2 = 0.0866; p > 0.05) (modified from HOCKMANN et al., 1992). 
 
We have also studied locomotory behaviour in C. auronitens by harmonic radar and in orientation 
enclosures erected on open land at different distances from a forest and at the edge of a forest. Here, only 
a summary of the results of these investigations will be given (Fig. 3.8-12; for details cf. NIEHUES et al., 
1996). Beetles crossing the boundary "forest - open field" showed turning reactions back into the forest, 
so that they avoided entering the adjacent open field. Some beetles were observed moving long distances 
along the boundary of the forest, and were obviously using the boundary as a guiding line. Specimens 
passively displaced to set-aside fallow land usually showed directed movement, and hence covered large 
air distances per unit time. Once this movement has brought them close to a hedge or a forest, they 
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switch to phototactic orientation (at maximum distances of 15 - 30 m). For orientation towards forest 
silhouettes in C. problematicus and in Abax ater see LAUTERBACH (1964), NEUMANN (1971) and 
RIJNSDORP (1980). - It has to be stressed that in the eutopic C. nemoralis we expect other behavioural 
characteristics both at the boundary "forest - open field" and on open fields (cf. KENNEDY, 1994).  
 
 
 
Fig. 3.8-12 Tracks of C. auronitens specimens inside a forest (Nos. 2, 3, No. 5 partly), at the edge of a forest 
(Nos. 1, 4, No. 5 partly,) on fallow land distant from a forest (No. 6), and on fallow land adjacent 
to a forest (No. 7). The beetles were tracked by harmonic radar. The tracks are true to scale and are 
superimposed on an imaginary forest-field mosaic similar to that in the area of investigation.  
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Directed movement, the ability to keep constant a running direction over a rather long time without using 
local marks for orientation, is a fascinating phenomenon, not only because of its questionable sensory 
basis, but also because of its possible benefits for the individual displaying it. It seems plausible and has 
indeed often been demonstrated (GRÜM, 1962, 1971; BAARS, 1979 a, b; RIJNSDORP, 1980; WALLIN & 
EKBOM, 1988; KENNEDY, 1994; CHARRIER et al., 1997) that beetles switch to directed movement when 
environmental conditions are beginning to become suboptimal, or when the beetles have been passively 
displaced to a suboptimal site. Intensified directed movement has been observed by BAARS (1979 b) in 
Calathus melanocephalus and Pterostichus melanocephalus after release at unfavourable (poorly 
populated) sites. But what may be the benefits of directed movement displayed inside the individual's 
habitat, such as we have observed in C. auronitens in enclosure and harmonic radar experiments (cf. also 
NÈVE DE MÉVERGNIES & BAGUETTE, 1990)? By switching to directed movement within their habitat the 
individuals may react to short-term spatial micro-fluctuations of the environmental conditions, and thus 
adapt their distribution in the habitat to these micro-fluctuations. The experiments with orientation 
enclosures carried out in 1987 and 1988 revealed differences regarding the proportion of specimens 
preferring a constant direction (Table 3.8-2): the relative number of orientated specimens was larger in 
1987 than in 1988. During spring 1987 climatic conditions were bad, and the population under study 
produced only a few young beetles (Table 3.2-5; Section 4.3). Thus, this difference strengthens the 
supposition that suboptimal conditions trigger directed movement behaviour. Moreover, it cannot be 
excluded that a specimen is able to increase individual fitness by displaying directed movement in its 
habitat even when environmental conditions continue to be optimal, for example in order to meet more 
mates.  
"Random walk", on the other hand, can be interpreted as a search behaviour on the fine spatial scale 
when the environmental conditions are favourable in general. An animal searching by random walk may 
be seeking food and mates, and in females, for the best sites to lay the eggs. The ability of the larvae to 
move around and to find optimum sites is obviously poor; so the mother beetles have to do this: to find 
sites with optimum abiotic and biotic conditions for preecdysial development. Particularly crucial abiotic 
conditions are moisture, temperature and structure of the soil. From our breeding experiments (Section 
3.14) we know that the female lays the eggs separately in small chambers formed by the apex of the 
abdomen. The larvae need a light soil in which to move while foraging and to strip off the egg shell after 
hatching and the exuvia after moulting; however the soil must not be too light, otherwise the chamber of 
the pupa could collapse. Also, the mother beetle has to decide whether a place offers enough food for her 
offspring.  
3.9 Tree-climbing activity in C. auronitens 
While studying the locomotory behaviour of C. auronitens by the method of harmonic radar (Section 
3.8) we discovered this species can climb trees. Tracking 7 females for 4 - 30 nights each in the Forst 
Tinnen during spring 1987 (Table 3.9-1), for a total of 150 "females nights", we observed tree-climbing 
activity on 13 nights (8.7%); and for 6 males, tracked over 9 - 29 nights, out of a total of 134 "males 
nights" 21 included tree-climbing activity (15.7%). - The following descriptions (1-3) exemplify tree-
climbing activity during spring. (1) Male No. 4 (Fig. 3.9-1; monitored during 29 nights) was observed 
tree-climbing five times, ascending one tree twice; this male covered a distance up and down the trees 
that was probably more than twice as long as its path on the ground. (2) Male No. 5 (monitored during 14 
nights; Fig. 3.9-2) was observed climbing five times: in one night it ascended two trees, and one tree was 
climbed on a further 3 successive nights. (3) Female No. 2 (Fig. 3.8-2) was observed climbing on four 
nights; it climbed up one tree three times. 
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Table 3.9-1 Tree-climbing activity in 7 C. auronitens females and 6 males monitored by harmonic radar in 
spring 1987 for a varying number of nights, as follows: 30 (females 1, 2, 4), 29 (males 2-4); 25 
(male 1), 23 (female 5), 17 (female 6), 16 (female 3), 14 (male 5), 9 (male 6) and 4 (female 7) 
nights. Nos. of animals refer to those in Table 3.8-1. "no. of night": counted from the start of the 
individual monitoring period; "height": maximum height on the trunk at which the specimen was 
observed; thick black lines: period of tree-climbing monitored during the corresponding night; 
arrows: time span in which ascending and descending, respectively, have occurred (modified from 
HOCKMANN et al., 1989). 
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Fig. 3.9-1 Male 4 (Table 3.9-1), tracked by harmonic radar from May 5/6 till June 3/4. Cf. legend of Figs. 3.8-
1; 3.8-2. The beetle was observed tree-climbing five times; it ascended one tree twice (modified 
from HOCKMANN et al., 1989). 
 
 
 
Fig. 3.9-2 Male 5 (Table 3.9-1), tracked by harmonic radar from May 12/13 till June 3/4. Cf. legend of Figs. 
3.8-1; 3.8-2. The beetle was observed climbing five times: in one night it ascended two trees 
(between positions 5* and 10*), and one tree was climbed on a further 3 successive nights (between 
positions 11 and 18) (modified from HOCKMANN et al., 1989). 
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Freshly hatched beetles were also active in tree-climbing: from September 14 - October 18, 1988, we 
tracked 11 males (each 2 - 20 nights) and 4 females (each 7 - 25 nights) and observed out of 48 "females 
nights" a total of 7 nights with tree-climbing activity (14.6%); for "males nights" we found a total of 9 
nights out of 87 (10.3%). 
One could argue that tree-climbing observed by radar tracking is an "escape" reaction of the beetles 
carrying a reflector as heavy as 20 - 50% of the beetles' body weight. However, beetles not burdened by a 
rucksack also climbed trees. For example, in one night (May 31/June 1, 1987) 15 of 59 individuals 
enclosed in a round enclosure (Ø 20 m) were observed climbing whereas during this night only 8 
individuals were trapped in 72 pitfall traps exposed around the inner side of the enclosure fence. 
However, at present we are not able to estimate precisely the degree of tree-climbing activity in relation 
to ground-running activity in C. auronitens. 
In C. auronitens various tree-climbing activities have been observed: - quickly climbing up to a height of 
more than 6 m (out of the range of radar monitoring) within a few minutes; - slow running about not far 
from the ground with frequent changes of direction; - motionless resting not far from the ground, 
sometimes for several hours; - preying on caterpillars and snails on the trunk (Fig. 3.9-3); - mating on the 
trunk. It was striking how cautiously running and resting beetles behave on trunks: we have never 
observed that a specimen fell down even when it was touched. If beetles running on the ground were as 
cautious, hardly a specimen, we are sure, would be captured in a pitfall. Mostly, a tree-climbing beetle 
stayed on a tree for several hours, but returned to the ground at the latest by the end of the night (Table 
3.9-1).The same trunk was used for ascending and descending. Oaks, beeches, hornbeams and hazels 
were climbed. 
 
 
 
Fig. 3.9-3 A marked specimen of C. auronitens preying on the trunk of a standing tree. This specimen was 
detected by chance at night and flash-photographed (Photo: Peter Hockmann). 
 
The question of what the benefits of costly tree-climbing may be cannot finally be answered. The 
following advantages can be discussed: (1) avoiding predation by predatory arthropods (e.g. large 
Staphylinidae) and small mammals; (2) looking for a place with optimal climatic conditions, which - for 
example - ensures an optimal rate of transpiration (SCHMIDT, 1956, 1957); (3) preying (Fig. 3.9-3); (4) 
reduction of intraspecific and interspecific competition for food by enlarging the area used for activity.  
(1) The rate of predation upon the population under study seems to be small altogether: e.g. shrews, the 
main predators of epigean insects in other biotopes, were rather seldom found amongst the by-captures in 
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pitfalls in the Forst Tinnen, probably because the ground water level is often high. - (2) Activity on trees 
depended less clearly on temperature than ground activity; however, when the temperature was low (< 6 
°C), no activity was recorded on trees or ground. Moreover, we got the impression that tree-climbing was 
stimulated by high degrees of humidity. However, it is questionable why the beetles seem to prefer to 
climb trees during wet weather: because there is too much moisture on the ground or because there is 
enough humidity in the atmosphere. - (3) In order to check the prey-catching success of tree-climbing 
beetles Peter Hockmann carried out the following (unpublished) experiment: during some weeks in 
spring and in late summer/autumn 1990 every day (with the exceptions of a few days) at sunset 
individually marked females and males were placed on trunks above a cuff-like tree trap which prevents 
the beetles from reaching the ground; thus, these beetles had no opportunity to obtain food anywhere but 
on the tree. The abundance of caterpillars in the canopy of the forest was rather high in spring 1990 
(Section 2.1). Traps were installed around 5 oaks and 5 beeches. In the autumn freshly hatched beetles 
were used. Animals which were lost during the experiments were replaced by other ones. Every half hour 
during the night the trees were inspected to see whether the beetles had climbed up out of the 
experimenter's field of vision or whether they stayed on the trunk near the site of release. At sunrise the 
beetles found in the traps or just above were placed without food in jars filled with sterile peat, which 
were then set on the forest floor. For each trial, the specimens were weighed just before being released 
onto the tree and after recapture. Data presented in Table 3.9-2 and Fig. 3.9-4 refer to 16 females and 15 
males, which were under observation during the spring season for 32 - 37 days and for 12 - 37 days, 
respectively, and to 16 females and 11 males observed during the autumn season for 11 - 19 days and for 
8 - 19 days. In spring, 20 females and 20 males were kept for monitoring weight development in a beetle-
proof enclosure erected on the ground (Ø 20 m); twice a week 72 pitfalls exposed along the inner side of 
the fence were opened; captured beetles were weighed and released again. - (4) Several beetles used for 
the tree-climbing experiments in spring and autumn were released into the circular enclosure on the 
ground after the tree-climbing experiment was finished. - Inspecting the trunks half an hour after 
releasing the beetles, Peter Hockmann found that in spring on average 59% of the females and 44% of 
the males had been motivated to climb up out of the experimenters' field of vision. In the autumn the 
percentage of tree-climbing specimens was at first high (in the females 65% during the first 6 nights, in 
the males 85% in the first three nights), but thereafter it declined (to 30% in females and 45% in males). 
Marked individual differences were found: some beetles were often motivated, others were rarely 
motivated to climb up (Fig. 3.9-4). Beetles that had climbed a tree were recaptured with high probability, 
being found either in the traps or on the trunk just above the traps. Mostly the animals climbed down the 
trunk before sunrise in the same night they had ascended. Sometimes, especially in late summer / 
autumn, beetles spent a few days and nights high in the tree before climbing down (one female stayed 
high in a tree for 6 nights; Table 3.9-2). - Three individual examples (1 - 3) of weight development are 
shown in Figs. 3.9-5 a, b, c. (1) Female No. 22 (Fig. 3.9-5 a) was often motivated to climb up. 
Nevertheless, its weight decreased from 468 mg to 329 mg within 32 days. (2) Also female No. 26 was 
frequently motivated (Fig. 3.9-5 b). Some temporary weight increase was observed, indicating that the 
animal had obtained food on the tree; nevertheless, it was not able to stabilize its weight: after 37 days of 
being forced into tree-climbing it had lost 92 mg (21%). (3) The behaviour of the freshly hatched male 
No. 23 (Fig. 3.9-5 c) was characterized by strong climbing activity (it spent several days continuously on 
the tree); nevertheless, its weight decreased without interruption by 160 mg (35%) within 18 days. - In 
summary, during the 12 first days of the experiment in the spring, females lost 14% (reduction of 476 ± 
67 to 409 ± 53 mg; n = 16) and males 10% of the initial weight (reduction of 375 ± 49 mg to 336 ± 38 
mg; n = 15). 6 females and 4 males that survived the whole spring experiment (37 days) showed a weight 
of 380 ± 51 mg and 284 ± 38 mg, respectively, at the end of the experiment (weight loss: 16 and 15%, 
respectively). During the same period females and males confined within the ground enclosure increased 
their weight on average by 12 and 23%, respectively. After the spring tree-climbing experiment had 
ended, 11 females of the experimental group were released into an enclosure on the ground. 7 females 
recaptured 6 days later showed a weight increase of 25% (compared with the mean weight of 11 females 
at the end of the tree-climbing experiment). - During the 12 first days of the experiment in the autumn 
beetles lost 20% (15 females: reduction of 488 ± 64 to 391 ± 38 mg) and 6 % of their weight (9 males: 
reduction of 353 ± 67 mg to 331 ± 72 mg). 15 females and 4 males surviving the whole autumn 
experiment (19 days) showed a weight of 385 ± 47 mg and 310 ± 49 mg at the end of the experiment 
(weight loss: 21% in both). After the end of the autumn experiment 13 females and 9 males of the 
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experimental group were released into an enclosure on the ground; 5 females (and 4 males) recaptured 10 
days later showed a mean weight increase of 38% (21%). 
 
Table 3.9-2 Tree-climbing experiments in C. auronitens. Data presented in this table were obtained from 16 
females and 15 males observed in spring for 32 - 37 days and 12 - 37 days, respectively, and 
from 16 females and 11 males observed in autumn for 11 - 19 days and 8 - 19 days. - n/n: 
number of nights and days during which beetles stayed continuously on the tree (out of the 
experimenter's field of vision) after they had been placed on a tree trunk above a cuff-like trap 
at sunrise; 1/0: one night; 1/1: one night and the following day; 2/1: two nights and the day 
between; 2/2: two nights, the day between and the following day, etc; lost: number of beetles 
not recaptured after climbing the tree. m: absolute number of individual tree-climbing events; 
%: percentage of the total number of events. In cases where the beetles were recaptured after 
tree-climbing they used the same tree for ascending and descending. Lost beetles might have 
used another tree for descending or have fallen down.  
 
duration of sojourn in tree 
(n/n) 
 
1/0 
 
1/1 
 
2/1 
 
2/2 
 
3/2 
 
3/3 
 
4/3 
 
4/4 
 
6/5 
 
6/6 
 
lost 
spring 90 females m 251 14 - 2 - 1 - - - 1 11 
  % 89.6 5.0 - 0.7 - 0.4 - - - 0.4 3.9 
 males m 153 7 - - - 2 - - - - 17 
  % 85.5 3.9 - - - 1.1 - - - - 9.5 
autumn 90 females n 91 11 4 1 1 - - - - - 6 
  % 79.8 9.6 3.5 0.9 0.9 -  - - - 5.3 
 males m 78 18 1 4 - - 1 1 - - 12 
  % 67.8 15.7 0.9 3.5 - - 0.9 0.9 - - 10.4 
 
 
 
 
Fig. 3.9-4 Individual differences in tree-climbing motivation in beetles put on the trunk of a tree above a cuff-
like trap. Abscissa: proportion of nights with climbing activity; ordinate: n number of individuals. 
Data presented in this figure were obtained from 16 females and 15 males observed for 32 - 37 days 
and 12 - 37 days, respectively, in the spring season, and from 16 females and 11 males observed in 
the autumn season for 11 - 19 days and 8 - 19 days.  
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Figs. 3.9-5 a-c Weight development of two females (Figs. 3.9-5 a, b) under observation in spring 1990 and one 
male (Fig. 3.9-5 c) under observation in autumn 1990. During the period of observation these 
beetles had no opportunity to obtain food other than by tree-climbing. * the beetle stayed just 
above the tree trap during the night; + the beetle climbed to a height beyond the experimenter's 
field of vision; +_______+ the beetle stayed high in the tree for longer than one night.  
 
From these results one could conclude that foraging is not a particular benefit of tree-climbing in 
C. auronitens even if the abundance of canopy caterpillars is high. It should, however, be stressed that, 
because of the methodological difficulties in investigating tree-climbing activity quantitatively, our 
experience with this phenomenon is still rather restricted.  
Tree-climbing like that in C. auronitens has not been observed in C. nemoralis. Specimens of this beetle 
can also be observed on trunks, but exclusively near the ground (up to about 1.50 m) and mostly resting.  
Tree-climbing activity in "ground beetles" of the temperate climate zone is well known amongst 
entomologists; however, because of the methodological difficulties it has so far been only fragmentarily 
studied. COOK (1987) observed Agonum assimile, C. nemoralis and Pterostichus madidus climbing, 
MARTIUS (1986) Carabus irregularis, C. auronitens and Nebria brevicollis. Obviously, the intensity of 
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tree-climbing differs amongst the species. There are species, like those of the genus Dromius, that spend 
most of their lives under the bark of trees. Amongst the species classified usually as "non-arboreal", 
Agonum assimile in particular can be captured abundantly on standing trees (COOK, 1987; SCHULTE, 
Table 2.-4). In the neotropics assemblies of arboreal carabids comprise numerous highly adapted and 
differentiated species (ERWIN, 1996).  
3.10 Daily locomotory activity rhythms 
In the forest, C. auronitens was predominantly though not exclusively active during the night. Figs. 3.10-
1 a-c give the daily distribution of pitfall captures of C. auronitens females and males (pooled) during 
two days in spring and two days in late summer/autumn; pitfalls were monitored every 1-2 hours. 
C. auronitens started to run near sunset (before the end of dusk) and stopped running at the latest around 
sunrise. The main activity was between sunset and midnight. The reduction of activity in the second half 
of the night seemed to be due to decreasing temperature; activity between midnight and dawn was 
largely abolished when temperature dropped below 6 °C (cf. Section 3.5). 
 
 
 
Figs. 3.10-1 a-c Daily distributions of C. auronitens females and males (pooled) captured in pitfalls in the 
forest. Time refers to MEST. Large arrows indicate sunset (SS), and sunrise (SR). Small arrows 
indicate end of dusk and beginning of dawn. Specimens captured were released again after each 
inspection. Pitfalls were inspected every two hours (a,b) or every 1-2 hours (c).The number of 
specimens trapped is shown above the interval between successive inspections. Air temperature 
was measured 20 cm above ground. - Fig. 3.10-1 a. May 13/14 1982. 200 pitfalls were used. 
Numbers of specimens captured in two hours are shown. - Fig. 3.10-1 b. May 26/27 1987. 114 
pitfalls were used. Numbers of specimens captured per hour are shown. - Fig. 3.10-1 c. Sept 
19/20 and 20/21 1986. 114 pitfalls were used. Numbers of specimens captured per hour are 
shown.  
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The amount of activity in daylight was variable in C. auronitens, as has been revealed by the following 
observation. During 12 days distributed from April until June the pitfalls in the 0.2-ha enclosure erected 
in the forest (Section 2.2) were checked shortly before sunrise and shortly after sunset: the proportion of 
males captured in the daylight varied between 0 and 29.4%, that of the females between 0 and 33.3% 
(Table 3.10-1). It is obvious from Table 3.10-1 that in the forest the females' activity in the light was 
highest during May, but decreased again at the end of the spring season. Numbers of beetles captured in 
the dark and in the light were correlated in males with  
 
rs = +0.47 (p = 0.119) and in females with rs = +0.84 (p < 0.001). 
 
Thus, it seems that a high degree of running motivation favoured the expansion of locomotory activity 
into the daily light phase: as in some Carabus species inhabiting open fields (WEBER, 1966), light 
activity of C. auronitens in the forest seems to have been an accessory activity. At least in males, 
insufficient food supply could have induced activity in the light: some of the males captured in the light 
had a significantly lower weight than specimens captured in the dark; females captured in the light were 
also sometimes smaller, but not significantly (Table 3.10-2). There were no detectable differences in 
daily locomotory pattern between individuals of different age (not shown). The observation that males of 
low weight dominated amongst animals captured in the light corresponds well with laboratory results in 
C. auronitens (MEYER-PETERS, 1993 b): after a feeding period (3 days) the amount of accessory activity 
in the light was at first low, but then increased continuously during the post-feeding period (12 days).  
 
Table 3.10-1 Total number of specimens (n) and number of specimens captured in the light (n1) during 12 
days in spring 1993. Specimens were captured in 171 pitfalls in the 0.2-ha enclosure erected in 
the forest. Pitfalls were checked shortly before sunrise and shortly after sunset.  
 
males females   
total 
capture 
captured in the light total 
capture 
captured in the light temperature 
at 12°° 
date n  n1 % n  n1 % °C 
April 5/6 20 0 0 18 0 0 10 
April 15/16 23 1 4.3 27 1 3.7 11 
April 22/23 73 6 8.2 51 6 11.8 18 
April 29/30 95 81 8.4 77 118 14.3 20 
May 6/7 60 01,2 0 46 28 4.3 11 
May 13/14 64 52 7.8 39 45 10.3 17 
May 20/21 49 27 4.1 66 225,7 33.3 14 
May 27/28 34 3 8.8 38 86 21.1 14.5 
June 3/4 26 03 0 23 06 0 12.5 
June 10/11 17 53,4 29.4 16 1 6.3 21 
June 17/18 11 04 0 3 0 0 13.5 
June 24/25 8 2 25.0 1 0 0  12.5 
summary 480 328 6.7 405 558 13.6  
 
1 - 8: light/dark distributions indexed with the same numeral are significantly different (G-test: indices 1 - 7: p < 0.05 or smaller; 
index 8: p < 0.10). Successive distributions and the distributions of males and females on the same trapping day were checked.  
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Table 3.10-2 Mean weight of C. auronitens specimens captured in the forest in the light and in the dark 
during 12 days in spring 1993. Cf. Table 3.10-1. 
 
mean weight (±SD) of the males (mg) 
date captured in the light (n1) captured in the dark (n2) 
April 5/6 - (0) 368.1 ± 30.5 (20) 
April 15/16 217 (1) 355.7 ± 48.1 (22) 
April 22/23 320.2 ± 55.7 (6)1 387.8 ± 43.3 (67)1 
April 29/30 344.3 ± 48.8 (7)2,* 406.0 ± 52.3 (87)2 
May 6/7 - (0) 393.6 ± 47.0 (60) 
May 13/14 394.6 ± 40.9 (5)3 460.0 ± 57.4 (59)3 
May 20/21 397.5 ± 60.1 (2) 447.6 ± 60.1 (47) 
May 27/28 407.0 ± 89.2 (3) 444.0 ± 65.6 (31) 
June 3/4 - (0) 426.0 ± 62.9 (26) 
June 10/11 382.5 ± 38.2 (5) 417.3 ± 67.0 (12) 
June 17/18 - (0) 378.9 ± 61.2 (11) 
June 24/25 376.0 ± 26.9 (2) 390.2 ± 60.6 (6) 
 
mean weight (±SD) of the females (mg) 
date captured in the light  (n1) captured in the dark (n2) 
April 5/6 - (0) 519.7 ± 77.6 (18) 
April 15/16 526 (1) 495.5 ± 95.6 (26) 
April 22/23 493.7 ± 77.9 (6) 533.4 ± 69.9 (45) 
April 29/30 526.5 ± 69.3 (11) 530.9 ± 94.4 (66) 
May 6/7 503.5 ± 112.4 (2) 531.3 ± 76.6 (44) 
May 13/14 679.0 ± 117.5 (4) 648.6 ± 101.4 (35) 
May 20/21 637.3 ± 109.2 (22) 650.3 ± 98.6 (44) 
May 27/28 568.6 ± 61.2 (8) 596.2 ± 87.9 (30) 
June 3/4 - (0) 588.8 ± 102.9 (23) 
June 10/11 501 (1) 590.3 ± 82.4 (15) 
June 17/18 - (0) 497.3 ± 86.6 (3) 
June 24/25 - (0) 691 (1) 
 
* 1, 2, 3 means indexed with the same numeral are significantly different: 1 p < 0.001; * 2, 3 p < 0.05). 1 specimen not 
weighed.    No index: p > 0.10.  
 
The daily activity distribution of C. auronitens and C. nemoralis has been compared by pitfall trapping in 
a circular enclosure during nine days in spring (Figs. 3.10-2 a, b). It becomes obvious that C. nemoralis' 
activity was more strictly linked to the night: specimens of this species started to run later after sunset 
than C. auronitens, and the maximum number of specimens was usually captured later in the night. This 
corresponds very well to the daily activity pattern of C. nemoralis in a forest described by Lauterbach 
(1964).  
 
Behavioural, reproductive and developmental seasonality in Carabus auronitens and Carabus nemoralis 
 Mitt. Biol. Bundesanst. Land- Forstwirtsch. 382, 2001 88 
 
 
Behavioural, reproductive and developmental seasonality in Carabus auronitens and Carabus nemoralis 
Mitt. Biol. Bundesanst. Land- Forstwirtsch. 382, 2001 89
 
 
Figs. 3.10-2 a-b Daily distributions of C. auronitens (Fig. 3.10-2 a) and C. nemoralis (Fig. 3.10-2 b) captured in 
72 pitfalls in a circular enclosure (Ø 19.5 m) erected in the forest (cf. Section 2.11) during nine 
days in spring. Time refers to MEST; SS sunset, SR sunrise. Specimens captured were replaced 
in the centre of the enclosure after each inspection. Arrows indicate controls of pitfalls. MC: 
morning inspection (after 6°°). The number (n) of females and males captured is shown above 
the time point of the inspection and refers to the interval between this and the previous 
inspection. The left columns refer to the males, the right columns to the females. At the 
temperature scales (on the right), temperature at 2230 and minimum night temperature of the air 
20 cm above ground are indicated. Figures next to the scale for the number of specimens 
captured (n; on the left) refer to the number of females and males present in the enclosure on 
the respective day (modified from HOCKMANN et al., 1989). 
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Under non-forest conditions activity during the light can even prevail in C. auronitens. NIEHUES (Table 
2-4, 1995) observed high degrees of activity between sunrise and sunset in C. auronitens fenced in three 
circular enclosures (Ø 20 m) on set-aside fallow land, beginning on April 14 (1993): at first, during a 
period of cold weather (daily mean: about 11 °C), beetles were predominantly trapped during the dark; 
then, with the beginning of a period of relatively high temperature on April 20 (daily mean above 
14.4 °C), activity during the light increased synchronously in the enclosures and on some days more than 
50% of the population in the enclosures was trapped during the light, whereas the percentage of the 
beetles trapped during dark was in some cases much lower (Fig. 3.10-3). There were some indications 
that in the enclosures on fallow land temperature stress induced activity in the light. In the forest, 
however, the amount of activity in the light has not been observed to depend on temperature (cf. Table 
3.10-1). However, it may also be that activity in the light on fallow land was more than a stress reaction: 
it may have facilitated orientation towards the silhouette of a forest (Section 3.8). - A change from 
predominant locomotory activity during the night in forests to enforced activity during the light when 
open lands are inhabited has also been observed in other carabids (WILLIAMS, 1959; THIELE & WEBER, 
1968).  
In the laboratory as well, high levels of activity during the light were recorded in C. auronitens. A group 
of 5 females and 5 males, investigated in actographs of 60 cm diameter under nearly constant 
temperature (18.0 - 21.5 °C), but with a natural light-dark regime from April 22 until May 2, displayed 
39% of the total activity between sunrise and sunset (THIELE & WEBER, 1968). MEYER-PETERS (1993 a) 
reported spontaneous changes of the daily activity pattern in single-specimen experiments in the 
laboratory under constant temperature (19 ± 1 °C) and natural light-dark regime: at the beginning of the 
spring season short activity bursts were irregularly distributed over the night, in the middle of the season 
the animals were continuously active during the night, later the activity was extended into the forenoon, 
and, finally, at the end of the spring season (shortly before aestivation started), a spontaneous phase 
inversion from nocturnality into diurnality was observed. These changes recorded in laboratory 
experiments correspond to our observations on the animals' behaviour on fallow land (cf. above, Fig. 
3.10-3). 
In order to check the extent to which the temporal locomotory pattern of C. auronitens is controlled by 
an endogenous circadian clock, the movements of 5 females and 12 males were individually recorded in 
actographs in the laboratory under 12/12 hrs light/dark cycles (LD; 15 days), continuous darkness (DD; 
11 days) and continuous light (LL; 12 days) (temperature: 15.0 ± 0.5 °C; see Section 2.12). The activity 
patterns were more or less irregularly polyphasic (Figs. 3.10-4, 3.10-5). The proportion of the activity 
recorded during the light phase of the light/dark cycles varied between 24 and 84 % of the total amount 
of activity recorded (mean ± SD: 54.0 ± 15.7%) (Figs. 3.10-5). Signals in the periodograms indicating a 
periodicity were weak, and in a few cases even absent (Fig. 3.10-6); however, in some actograms the 
expected daily or circadian signal was observed: in light-dark cycles periods of exactly or approximately 
24 hrs; in continuous darkness periods which are partly substantially smaller than 24 hrs, and in 
continuous dim light periods which are partly substantially larger than 24 hrs (cf. in Figs. 3.10-5 
actograms and periodograms of a male as examples). Evidently C. auronitens follows ASCHOFF'S rule 
(ASCHOFF, 1960) for dark-active animals: in continuous dim light free-running periods are longer, in 
continuous darkness shorter than 24 hrs. However, as in other carabids with activity not strictly entrained 
by light/dark cycles to the night, the endogenous clock control of the pattern of activity and rest is rather 
weak (WEBER, 1994). Conversely, strictly dark-active species, such as Carabus problematicus and 
several cavernicolous microphthalmic species, have been observed to express very precise free-running 
circadian rhythms of activity and rest at least in dim continuous light or also in continuous darkness 
(LAMPRECHT & WEBER, 1977, 1982; 1992; BALKENOHL & WEBER, 1981; WEBER, 1983; RUSDEA, 
1992). 
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Fig. 3.10-3 Daily catches of C. auronitens females in an enclosure (Ø 20 m) on set-aside fallow land from April 
14 till May 5 in 1993. Females were enclosed with the same number of males, which showed a 
similar daily distribution of capture. The active population comprises those female specimens that 
were trapped at least once later. The active population decreased, probably because of heavy 
predation on fallow land. Percentages refer to individual beetles active between sunrise and sunset 
(light-active) or between sunset and sunrise (dark-active), and are percentages of the active 
population (because some individuals were trapped both by day and by night, the sum of the 
percentages can exceed 100%).  
 
Fig. 3.10-4 A polyphasic DD pattern of activity in a C. auronitens male recorded in the laboratory under 
continuous darkness (DD; 15.0°C ± 0.5°C). The actogram is diagrammed as a double plot. In the 
actograms, activity (lines), irrespective of the intensity of activity, and rest are distinguished. The 
periodogram analysis, based on the original data recorded every 10 min, indicates a period of 23 hrs 
10 min with a precision of 0.0376. For testing the significance of the minimum the original 10-min 
data were pooled for each hour and checked by chi-square statistics (see Section 2.14). Chi-square 
statistics indicate a period of 23 hrs and a significance of p < 0.01%. 
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Figs. 3.10-5 a-b Actograms (Fig. 3.10-5 a) and periodograms (Fig. 3.10-5 b) of a male investigated in light-dark 
cycles (LD; 15 : 0 lux), continuous darkness (DD; 0 lux) and continuous dim light (LL; 0.6 lux) 
(cf. the legend of Fig. 3.10-4). In LL on day 6 no activity was recorded. S start, E end of the 
experiment, Ch change of the experimental condition, Co continuation of recording. - 
Periodogram analyses (Fig. 3.10-5 b) are based on the original data recorded every 10 min. For 
the last 8 days under LD the periodogram indicates a minimum at 24 hrs 10 min. Under DD a 
minimum is indicated at 23 hrs 20 min and under LL at 26 hrs 40 min. Chi-square statistics 
indicate a periodicity of 24 hrs under LD, of 23 hrs under DD and of 27 hrs under LL, each at 
the 0.1% level of significance (see Section 2.14 and the legend of Fig. 3.10-4).  
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Fig. 3.10-6 Signals of periodicities in the periodograms of 17 C. auronitens specimens investigated in light-
dark cycles (LD), continuous darkness (DD) and continuos dim light (LL; in LL one specimen was 
inactive). The periodogram analyses are based on the data recorded every 10 min during the last 8 
days under LD, during 11 days under DD and during 12 days under LL (cf. 2.13). The abscissa 
gives the minimum of the periodograms in the range of 20 to 30 hrs, the ordinate the distance of the 
indicated minimum from the level of noise of the periodogram. Levels of significance of chi-square 
statistics in the figure (cf. Section 2.14 and the legend of Fig. 3.10-4). 
 
The activity of C. nemoralis has also been recorded by us under natural light-dark conditions in the 
laboratory (a group of 2 males and 4 females from April 12 - May 10, minimum temperature 15 °C, 
maximum temperature 22.0 °C; and a group of 10 males from May 5 - May 27, 17.0/22.0 °C; actographs 
of 60 cm diameter as in the C. auronitens experiments described above): only 1 and 4%, respectively, of 
the total activity was recorded between sunrise and sunset (THIELE & WEBER, 1968). C. nemoralis has 
also been investigated by KRUMBIEGEL (1932) and KLUG (1958/59) in the laboratory: under light/dark 
cycles locomotory activity was restricted to the dark; KLUG noted that periodicity was maintained under 
continuous darkness; from his description it can be concluded that - as expected - the free-running period 
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under continuous darkness was shorter than 24 hrs. In summary, the laboratory experiments concerning 
the daily patterns of locomotory activity confirmed the observation in nature that C. nemoralis' 
locomotory activity is more strictly linked to the darkness than is the case in C. auronitens.  
3.11 Preimaginal development 
From DELKESKAMP'S (1930) notes on C. nemoralis (origin: near Berlin) the duration of the preimaginal 
development of this species can be estimated as 2 - 3 months. According to STURANI (1962) the 
embryological development lasts 21 days in this species; the larval development 55, the prepupal 
development 8 and the pupal development 12 days. Thus, C. nemoralis is a spring breeder producing one 
generation per year (univoltism). The corresponding durations given by STURANI (1962) for 
C. auronitens (of unknown origin) at 18 °C are: embryological development 11 days, larval 65, prepupal 
9 and pupal 14 days. Our breeding experiments with C. auronitens specimens originating from the 
Westphalian Lowlands (cf. Section 3.14) confirmed STURANI'S data: the preimaginal stages developed 
without any diapause interruption and lasted a total of about 70 days in both females and males.  
The laboratory findings are corroborated by observations in the field. Larvae of C. auronitens (for larval 
characteristics see HURKA, 1971) were rather seldom trapped in pitfalls, but over the years of our study a 
fairly large number of larvae have been trapped; their head capsule was measured for age estimation. 
First-instar larvae of C. auronitens were most often caught during June, 2nd instar specimens from the 
middle of June to the beginning of July and those in the 3rd instar from the end of June to the end of July 
(Table 3.11-1). The schedule for C. nemoralis larvae was found to be rather similar, except that these 
larvae appeared somewhat earlier and somewhat more asynchronously (Table 3.11-2): 1st-instar larvae 
were observed between the end of May and the end of June, and both 2nd- and 3rd-instar larvae between 
the middle of June and early July. As the larvae of C. nemoralis were protocolled only in one year 
(1994), it is questionable whether there is a genuine difference from C. auronitens concerning the degree 
of developmental synchrony. 
 
Table 3.11-1 Larvae of C. auronitens trapped in 1990, 1992, 1993, 1994 and 1997 (pooled). Breadth of the 
head capsule of C. auronitens larvae according to Hurka (1971): 1st larval instar: 1.86 - 2.00 
mm; 2nd: 2.28 - 2.46 mm; 3rd: 2.86 - 3.22 mm.  
 
 breadth of the head capsule (mm) 
decades of month 1.6-1.8 1.8-2.0 2.0-2.2 2.2-2.4 2.4-2.6 2.6-2.8 2.8-3.0 3.0-3.2 
June 1 - 4 - 2 - - - - 
 2 1 11 - 6 4 1 2 2 
 3 - 4 - 5 7 2 22 10 
July  1 - 1 - 6 2 1 7 2 
 2 - - - 1 - - 7 6 
 3 - - - - - - 3 - 
Aug.  1 - - - - - - - - 
 2 - - - - - - - - 
 3 - - - - - - 1 - 
Sept.  1 - - - - - - - - 
 2 - - - - - - - - 
 3 - - - - - - - - 
Oct.  1 - - - - - - - 2 
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Table 3.11-2 Larvae of C. nemoralis trapped in 1994. Breadth of the head capsule of C. nemoralis larvae 
according to Hurka (1971): 1st larval instar: 1.62 - 2.95 mm; 2nd: 2.06 - 2.44 mm; 3rd: 2.70 - 
3.00 mm.  
 
 breadth of the head capsule (mm) 
decades of month 1.6-1.8 1.8-2.0 2.0-2.2 2.2-2.4 2.4-2.6 2.6-2.8 2.8-3.0 3.0-3.2 
May  1 - - - - - - - - 
 2 - - - - - - - - 
 3 4 3 - - - - - - 
June  1 4 - 1 1 - - 2 1 
 2 4 1 3 3 1 1 11 4 
 3 2 1 3 3 1 4 21 1 
July  1 - - - 2 - 4 7 1 
 2 - - - - - - 2 - 
 3 - - - - - - - - 
 
From these observations it can be concluded without any doubt that in both spring-breeding species a 
univoltine development is the rule under natural conditions of the Westphalian Lowlands. However, 
occasionally 3rd-instar larvae of C. auronitens have been trapped as late as the beginning of October 
(Table 3.11-1). Thus, the question arises whether facultative larval or pupal hibernation, i.e. semivoltism, 
occurs occasionally in the Westphalian Lowlands (at the very northern fringe of the species' range). 
However, we have never observed larvae or freshly hatched adults with very soft elytra in early spring 
(for a detailed discussion see Section 3.13). 
The rare occurrence of larvae in pitfalls made it impossible to study directly the conditions that 
influenced larval development. However, the young beetles hatching in the autumn season give indirect 
hints. For example, in most years C. auronitens individuals hatching late were on average smaller than 
individuals hatching early in the season. We observed this phenomenon in 1990, 1991 1992, 1993, 1994 
and 1995, but, remarkably, not in 1997 and 1998 (Table 3.11-3). As in any holometabolic insect, the 
body size of carabids depends on larval food intake (cf. NELEMANS, 1987 a, b, for the carabid Nebria 
brevicollis; VAN DIJK, 1994, for Pterostichus versicolor; see also Section 4.1); hence the phenomenon 
that late hatching adults were small could be due (1) either to asynchronous development of larvae from 
eggs laid more or less synchronously, which encounter different conditions of food supply, and/or (2) to 
asynchronous laying of eggs and to suboptimal food conditions for late-developing individuals. In 
addition to food supply, temperature could have an influence: we know from laboratory breeding 
experiments in carabids that temperature during larval development also has a great influence on the size 
of the adults (Section 3.14): at a species-specific optimal temperature the largest specimens develop, 
whereas both at supraoptimal and suboptimal temperature the body size of the adults decreases. We do 
not know the optimal development temperature for either C. auronitens or C. nemoralis.  
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Table 3.11-3 Mean body length (mm) of C. auronitens specimens caught early and late for the first time in 
an autumn season. In 1990 and 1991 all specimens irrespective of their cuticle state at first 
catch were considered. In later years only animals with a very soft or soft cuticle at first catch 
were considered. Means for the same year and for the same sex labelled with the same index 
are significantly different (at least at the p = 0.05 level; p is larger 0.10 if the means are not 
labelled). CNF is the "curve of the cumulative number of individual first captures" (cf. Section 
2.5). 
 
females year 1st third of CNF 2nd third of CNF 3rd third of CNF 
  mean SD n mean SD n mean SD n 
 1990 24.221 0.84 97 23.421,2 1.04 100 23.051,2 1.06 55 
 1991 24.00 1.03 24 24.251 0.63   10 23.291 1.04   7 
  1st half of CNF 2nd half of CNF 
 1992 24.41 0.8 79 23.71 0.9 54 
 1993 24.11 0.8 73 23.71 0.8 62 
 1994 24.41 0.8 71 23.61 1.2 65 
 1995 23.41 1.0 18 22.31 1.4 17 
 1997 23.6 0.8 28 23.5 1.0 28 
 
males year 1st third of CNF 2nd third of CNF 3rd third of CNF 
  mean SD n mean SD n mean SD n 
 1990 21.471 0.73 111 21.292 0.77 64 20.821,2 1.15 44 
 1991 22.091 0.71   16 22.392 0.86   9 20.931,2 0.88 7 
  1st half of CNF 2nd half of CNF 
 1992 22.21 0.6 53 21.41 1.0 47 
 1993 21.91 0.8 61 21.31 0.8 53 
 1994 21.91 0.6 51 21.31 0.9 48 
 1995 21.2 0.9 19 20.6 1.3 13 
 1997 21.4 0.8 26 21.5 1.0 22 
 1998 21.1 0.8 7 21.1 0.5 7 
 
In C. auronitens, not only did individual body size depend on the date of first catch (i.e., on the date of 
hatching); we also observed that the mean body size of the young generation in some cases varied 
between the years (Table 3.11-4). As has to be expected, mean body length of females and males of the 
same generation was highly correlated (rs = + 0.6909; p = 0.019; r2 = 0.5605; n = 11). The smallest mean 
body size was observed in females and males of the autumn generation 1995 (cf. Section 2.2). Was 
interseasonal variability of the mean body length correlated with a different timing of the main hatching 
period in the autumn? From the results outlined above one would expect a generation of small mean 
body size to have hatched relatively late. However, this was not the case: indeed, the coefficients of 
correlation between the mean body length and the 25% mark of the CNF ("curve of the cumulative 
number of individual first captures", see Section 2.5) were negative, but neither in females nor in males 
did they deviate significantly from zero (females: rs = -0.4857; p = 0.329; males: rs = -0.2571; p = 0.623; 
for 1992-1995, 1997 and 1998: n = 6; the results concerning the 50% mark of the CNF are similar; not 
shown). Especially in 1995 the increase of the CNF was not late. 
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Table 3.11-4 Mean body length (mm) of C. auronitens generations. The number of specimens occasionally 
deviates slightly from that given in Table 3.2-1 because the length of some specimens was not 
measured. The means for successive generations of the same sex that are significantly different 
from one another (at least at the level p < 0.05) are labelled with the same index. p is larger 
than 0.10 if the means of successive generations are not labelled. 
 
autumn females males 
season i mean SD n mean SD n 
1985a   23.971 0.66   69 21.13 0.59 50 
1986a 23.701,2 0.72 252 21.171 0.66 168 
1989a 24.232,3 0.93 248 22.071,2 0.79 212 
1990a 23.653 1.08 252 21.292,3 0.87 219 
1991a 23.94 0.98 41 21.923 0.94 32 
1992b 24.194 0.92 158 21.87 0.85 127 
1993b 23.984 0.91 262 21.72 0.83 220 
1994b 23.995 1.02 202 21.674 0.85 155 
1995b 22.975 1.25 47 21.004 1.10 40 
1996b (23.55) (0)  (1) (20.79) (0.42) (2) 
1997b 23.61 1.09 89 21.49 0.91 74 
1998b 23.39 1.01 54 21.39 0.75 57 
 
a: Data comprise the body length of young specimens caught for the first time in the autumn season i.  
b: Data comprise not only the body length of young specimens caught for the first time in the autumn season i, but also the body 
length of those (obviously young) specimens caught for the first time in the following spring season i +1.  
 
As a further operational measure of preimaginal development conditions the absolute and relative weight 
of freshly hatched specimens (with still a very soft cuticle) can be used (Table 3.11-5 and 3.13-3). Like a 
small body size, a small weight could indicate suboptimal conditions of preimaginal development. 
Hatching weights of females and males are also positively correlated (rs = +0.6909; p = 0.019; r2 = 
0.6876; n = 11). It is not surprising that mean absolute body weight of freshly hatched (very soft ) 
specimens (Table 3.13-3) and mean adult body length (Table 3.11-4) are positively correlated. However, 
it is surprising how weak this correlation is (females: rs = +0.4364; p = 0.180; males: rs = +0.5273; p = 
0.096; n = 11).  
 
Table 3.11-5 The relative mean weight of freshly hatched C. auronitens specimens (cuticle maturation: very 
soft) expressed as the ratio of mean weight of the freshly hatched (very soft) beetles to mean 
body length of the young generation, mg/mm). The mean weight of the freshly hatched beetles 
is given in Table 3.13-3; the mean body length of the young generation is given in Table 3.11-4 
(the numbers of individuals available for calculating the means of weight and length are not 
identical).  
 
Year females males 
1985 15.06 13.46 
1986 15.21 13.79 
1989 14.42 13.71 
1990 13.81 12.25 
1991 12.20 12.08 
1992 14.76 14.49 
1993 14.77 13.66 
1994 12.71 12.00 
1995 12.26 11.08 
1997 14.01 11.70 
1998 13.50 12.34 
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If both adult body size and hatching weight reflect conditions of preimaginal development it has to be 
expected that the mean and the respective CV are negatively correlated. The reason for this expectation is 
the following. If for example during periods of bad weather, food availability is restricted, some larvae 
could have the good luck to still obtain enough food to develop into relatively large and heavy beetles, 
whereas others obtain too little, and the developing adults will become small and light: i. e. the mean 
body size and the mean hatching weight are reduced, whereas the respective CV increases. This model 
implies a rather large tolerance of the developing individual larva against food shortage: as long as food 
shortage is not too severe, larvae are able to develop, but their size is reduced. This expectation is 
fulfilled in the C. auronitens females, yet significantly in female adult body size only (Table 3.11-6). 
And in the females only the CVs of body size and hatching weight are positively correlated (albeit not 
significantly: rs = +0.2909; p = 0.3585); whereas in males the CVs of the two parameters are not (rs = -
0.0091; p = 0.979; n = 11).  
 
Table 3.11-6 Correlation in C. auronitens between the mean of adult body size and the mean of the hatching 
weight of the generation i and the respective CV. Mean adult body size: Table 3.11-4; mean 
hatching weight (weight in the state "very soft"): Table 3.13-3. n = 11 in each case. 
 
 adult body size hatching weight 
 rs p rs p 
females -0.6182 0.043 -0.4636 0.151 
males +0.1000 0.770 +0.4364 0.180 
 
Table 3.11-7 Correlation in C. auronitens of Bi with parameters of the young generation hatched in the 
autumn i. Mean adult body size: Table 3.11-4; mean hatching weight (weight in the state "very 
soft"): Table 3.13-3; relative mean hatching weight: Table 3.11-5. n = 11 in each case. Note 
that in several cases parameters of Spearman's rank correlation are identical.  
 
 mean adult body size mean hatching weight rel. mean hatching weight (mg/mm) 
 rs p rs p rs p 
females +0.6727 0.023 +0.8000 0.003 +0.8364 0.001 
males +0.2000 0.555 +0.6727 0.023 +0.6727 0.023 
 CV of adult body size CV of hatching weight 
 rs p rs p 
females -0.7273 0.011 -0.5273 0.096 
males -0.6727 0.023 +0.3000 0.370 
 
Interestingly, net reproduction rate Bi, body size of the young generation and hatching weight of the 
young generation were a correlated complex that characterized the reproductive success of the 
C. auronitens population under study in the respective year (Table 3.11-7): the mean of adult body size 
and absolute and relative mean hatching weight is positively correlated with Bi (in 5 of 6 cases 
significantly); CV of adult body size is negatively correlated with Bi (in females and males significantly); 
CV of hatching weight of females (but not that of males) is negatively correlated with Bi (weakly 
significantly). - Probably, it was the ambient temperature that linked these parameters in a correlated 
complex: the temperature in a distinct period of May was a key factor of net reproduction, the absolute 
and relative mean hatching weight of the young adults, the body size of the young females and the CV of 
body size of females and males (Sections 4.3 - 4.5). A density dependence of these parameters was 
mimicked by the temperature in this period (Sections 4.2 - 4.4).  
Did fluctuations of caterpillar abundance (Section 2.1) influence the preimaginal development of 
C. auronitens as well as the weight development of the parental generation at the end of the spring 
season (Section 3.6)? A direct and an indirect effect on mean hatching weight and mean body length of 
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the young generation are conceivable. Larvae could prey on descending larvae (the direct effect); by the 
trickling-down faeces of caterpillars feeding on trees the development of other (soil-inhabiting) prey 
organisms could be promoted (the more probable indirect effect). In both cases we would expect a 
positive regression of the mean hatching weight and the mean size as well as a negative regression of CV 
of these parameters on the caterpillars' abundance. However, there is only one significant regression: that 
of the males' mean body size on the estimated caterpillars' abundance (b = -0.0724; sb = 0.0291; p = 
0.0345). Unexpectedly, the sign is negative; hence this regression is probably not relevant. As Bi was 
also not influenced (Section 3.7), we conclude that the caterpillars' fluctuations did not influence the 
reproductive success of the C. auronitens population under study. 
The autumn generations of C. nemoralis also differed from each other in mean body length (Table 3.11-
8), and the mean body lengths of females and males of the same generation were also positively 
correlated (rs = +0.68), but at a low level of significance (p = 0.094; n = 7). However, in C. nemoralis 
there was no discernible decrease in body length of specimens caught late for the first time in an autumn 
season (not shown). - The development of the body weight of freshly hatched C. nemoralis is unknown 
as the specimens were not regularly weighed. 
 
Table 3.11-8 Mean body length (mm) of C. nemoralis generations. The number of specimens occasionally 
deviates slightly from that given in Table 3.2-2 because the length of some specimens was not 
measured. The data comprise not only the body length of young specimens caught for the first 
time in the autumn season i, but also the body length of (obviously young) specimens caught 
for the first time in the following spring season i+1. The means of successive generations were 
checked for differences: means for the same sex that were significantly different from one 
another are labelled with the same index (p < 0.05; in case of index 3: p < 0.10).  
 
autumn females males 
 mean SD n mean SD n 
1992 23.861 0.88 27 22.871 0.61 28 
1993 23.491,2 0.79 89 22.551 0.64 70 
1994 23.872,3 0.71 40 22.68 0.74 44 
1995 24.353 0.71 10 22.59 0.83 11 
1996 23.68 0.41 3 22.06 0.72 6 
1997 23.39 0.71 11 21.88 0.49 3 
1998 23.21 0.42 11 22.33 0.82 18 
 
3.12 Ecdysial season 
During 4-8 weeks in high summer, active adults of C. auronitens and C. nemoralis were not or only 
rarely observed in the Westphalian Lowlands. As a rule, young adults of C. auronitens appeared no 
earlier than the beginning of August, while the first young adults of C. nemoralis were trapped somewhat 
earlier. In very rare cases, we have found C. auronitens adults with a very soft cuticle (outside the 
enclosure) at the end of June. It is likely that these specimens also developed according to a univoltine 
program (cf. Section 3.11). Moreover, it is probable that early-hatching specimens stay in gonad 
diapause during the year of birth. SOTA (1986 a) has shown that in the spring breeder Carabus 
(Ohomopterus) yaconinus ovarian maturation is suppressed by high temperatures during summer and by 
short-day conditions in autumn. Another mechanism ensuring univoltism in C. auronitens and 
C. nemoralis could be a two-step light-controlled parapause as detected by THIELE and his co-workers 
(FERENZ, 1975; THIELE, 1977 b) in the carabid Pterostichus nigrita: long-day conditions after hatching 
prevent the differentiation of clusters of oocyte and nurse cells in the ovarioles; in the autumn, short-day 
conditions facilitate the differentiation of such clusters and euplasmatic growth of oocytes but prevent 
vitellogenesis, which cannot take place until long-day conditions have returned the following spring (see 
also Section 4.11). 
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Fresh tenerals (cuticle state: very soft and soft) of C. auronitens were trapped throughout the whole 
autumn season, even in October but mostly during August and September (Table 3.12-1). The times of 
appearance of freshly hatched beetles differed from year to year: for example in 1997 hatching was 
delayed compared to 1994 (CNF's of very soft and soft individuals: Fig. 3.12-1). - In C. nemoralis very 
fresh tenerals were trapped no later than the end of August or the beginning of September (Table 3.12-1). 
Relatively fewer very fresh beetles of this species than of C. auronitens were found in the pitfall traps, 
perhaps because the locomotory activity shortly after hatching is less in C. nemoralis than in C. 
auronitens. 
 
Table 3.12-1 Number of differently matured C. auronitens and C. nemoralis individuals caught per night in 
autumn 1993 and 1994. Females and males are pooled. vs elytra very soft, s soft, nh nearly 
hard, h hard. 
 
  C. auronitens C. nemoralis 
1993 date vs s nh h vs s nh h 
Aug.  6 1 0 0 0 9 7 14 4 
 13 5 0 0 0 7 3 3 2 
 17 13 8 0 0 1 1 0 0 
 20 8 15 5 0 2 3 2 1 
 25 5 3 3 2 0 1 0 0 
Sept.  1 21 13 8 2 0 2 2 2 
 3 11 21 9 0 0 1 2 1 
 7 9 25 16 3 0 3 11 18 
 10 16 40 21 4 0 1 3 8 
 14 8 13 17 8 0 1 10 13 
 17 6 19 22 3 0 1 6 56 
 21 12 39 49 31 0 3 9 14 
 24 3 16 37 14 0 1 3 8 
 28 2 14 22 2 0 4 7 27 
Oct.  1 4 19 19 5 0 0 5 27 
 6 3 8 13 6 0 0 3 10 
 11 2 6 5 2 0 0 0 2 
 15 1 3 0 0 0 0 1 1 
 21 0 1 1 0 0 0 0 1 
 29 1 0 1 0 0 0 1 1 
Nov.  5 0 3 0 0 0 0 0 1 
1994 date vs s nh h vs s nh h 
July  27 0 0 0 0 6 3 1 0 
Aug.  2 0 0 0 0 9 5 5 2 
 8 7 2 0 0 6 5 5 4 
 11 15 8 2 0 3 2 6 3 
 15 6 10 1 0 0 2 0 0 
 18 5 4 3 0 0 4 1 2 
 23 10 26 28 11 1 4 2 2 
 26 3 11 10 8 0 0 2 2 
 29 4 10 10 12 0 0 0 2 
Sept.  1 10 18 19 26 0 0 2 3 
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  C. auronitens C. nemoralis 
 5 5 24 22 25 0 0 0 4 
 8 3 13 16 8 0 0 0 4 
 12 15 15 13 13 0 0 3 6 
 15 11 24 25 31 0 0 8 19 
 19 5 20 9 20 0 0 3 11 
 22 12 23 19 27 0 0 8 20 
 26 10 20 26 32 0 0 7 32 
 29 12 15 15 16 0 0 2 18 
Oct.  3 6 12 23 13 0 0 0 18 
 6 1 0 1 2 0 0 0 1 
 13 2 5 8 18 0 0 0 14 
 19 1 4 2 2 0 0 0 0 
 26 0 3 1 3 0 0 0 5 
Nov.  2 0 0 0 0 0 0 0 2 
 
 
 
 
Fig. 3.12-1 Curves of the cumulative number of individual first catches (CNF) in young C. auronitens hatched 
in autumn season 1994 and 1997. Only beetles with elytra that were very soft or soft are considered.  
 
The 50% mark of CNF of young animals was reached in C. auronitens mostly at the end of August or in 
the first half of September (Figs. 3.12-2 a, b), in C. nemoralis again somewhat earlier (Figs. 3.12-3 a, b). 
The autumn activity season of the young of both species ended - depending on weather conditions - in 
October or at the beginning of November. The latest active C. auronitens individuals were trapped in 
October, sometimes even at the beginning of November (Figs. 3.12-4 a, b); the latest teneral 
C. nemoralis individuals during October, sometimes already at the end of September (Figs. 3.12-5 a, b). 
The individual autumn season of teneral beetles is shorter than the individual season in spring: the 50% 
mark of CNL was usually reached during September, in C. nemoralis obviously somewhat later (!) than 
in C. auronitens (Figs. 3.12-4 a, b; 3.12-5 a, b).  
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Figs. 3.12-2 a-b Curve of the cumulative number of individual first captures (CNF) in young C. auronitens 
females (a) and males (b) hatched in autumn seasons 1992 - 1998 (all young beetles irrespective 
of the cuticle state at first capture are considered). No young beetles were trapped in autumn 
1996, and a few old beetles active in the autumn seasons were not considered (cf. Table 3.2-1).  
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Figs. 3.12-3 a-b Curve of the cumulative number of individual first captures (CNF) in C. nemoralis females (a) 
and males (b) active in autumn seasons 1992 - 1998 (all young beetles irrespective of the cuticle 
state at first capture are considered). Filled symbols: young beetles, open symbols: old beetles 
active in the respective autumn season. Female young beetles of generation 1996 are not 
included, as only 3 specimens were trapped. Young male beetles of both the generations 1996 and 
1997 are also omitted, because in each autumn only 3 males were trapped. Moreover, only 1 old 
male was trapped in autumn 1998 (Table 3.2-2).  
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Figs. 3.12-4 a-b Curve of the cumulative number of individual last captures (CNL) in young C. auronitens 
females (a) and males (b) hatched in autumn seasons 1992 - 1998. Cf. Fig. 3.12-2. 
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Figs. 3.12-5 a-b Curve of the cumulative number of individual last captures (CNL) in C. nemoralis females (a) 
and males (b) active in autumn seasons 1992 - 1998. Filled symbols: young beetles, open 
symbols: old beetles. Cf. Fig. 3.12-3. 
 
The locomotory activity of the young beetles did not discernibly depend on ambient temperature, 
probably because the temperature in autumn fluctuated less widely than in spring: the activity motivation 
of the beetles seems to be ruled by food demand and not by temperature, and they become quiescent 
independently of the abiotic conditions when the maturation process is finished (see below).  
The behaviour of surviving old beetles of the two species differed conspicuously. Of the old surviving 
C. auronitens specimens only a very few were trapped in the autumn, whereas in C. nemoralis a 
considerable proportion of adult survivors became active in the autumn (Tables 3.2-1; 3.2-2). 
Interestingly, they began to move about much later than the freshly hatched animals: they passed the 
50% mark of CNF mostly 1 month later (Figs. 3.12-3 a, b). It may be that both old and young 
C. nemoralis of the population under study were active throughout the winter whenever the weather was 
mild. It is questionable what advantage was gained by old C. nemoralis specimens that were active late 
in the autumn, or by old and young specimens due to being active even during wintertime. There were 
differences between the survival probabilities of old animals active (trapped) and inactive (not trapped) 
in the autumn, but the direction of the differences was not consistent (Table 3.12-2), nor was the weight 
gain in the old animals that were active in the autumn: e.g. in 1994 it was rather high, but in 1996 
relatively small (Fig. 3.6-1). We therefore conclude that old C. nemoralis specimens did not (or not only) 
become active in the autumn because of food-store deficiencies. It seems likely that locomotory activity 
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in the late autumn, and perhaps during winter, was an advantage because of competition for mates: in 
C. nemoralis we observed copulations in the autumn (cf. also Delkeskamp, 1930), not only between old 
females and old males but also between old and young animals. Contrastingly, in C. auronitens mating 
was never observed by us during the late summer/autumn season (cf. also Section 4.9). 
 
Table 3.12-2 C. nemoralis, dependence of survival from spring season i to spring season i+1 upon being 
active in autumn i. First numbers refer to females, second numbers to males.  
 
Year i numbers of individuals percentages of individuals 
 caught caught surviving until spring i+1 
 in spring i in autumn i active in autumn i not active in autumn i 
1993 87/83 5/6 100/67 34/35 
1994 119/97 32/29 63/35 64/53 
1995 116/81 48/41 54/44 41/32 
1996 57/34 17/6 88/67 5/4 
1997 20/9 8/5 50/80 5/10 
1998 16/4 9/1 89/0 29/0 
 
3.13 Postecdysial development 
By hand pressure 4 postecdysial cuticle maturation stages were distinguished: very soft, soft, nearly hard 
and hard (Section 2.4). As a rule, among both female and male C. auronitens a rather high percentage of 
the total of the young individuals were trapped in each of these maturation stages (Table 3.13-1).  
 
Table 3.13-1 C. auronitens specimens trapped in the stages vs very soft, s soft, nh nearly hard, and h hard, as 
percentage of the total number of specimens trapped in the respective autumn season.  
 
autumn  females males 
 vs s nh h vs s nh h 
1992 56 70 46 22 48 72 46 7 
1993 27 48 50 23 26 49 42 16 
1994 37 49 43 43 36 53 40 47 
1995 39 50 43 35 40 17 30 25 
1997 42 53 40 33 45 71 32 29 
1998 33 29 7 60 27 16 27 73 
 
In C. auronitens, we found that the duration of the postecdysial cuticle sclerotization process was rather 
variable. From individual recaptures in successive stages we estimated the mean duration of each 
postecdysial maturation interval (very soft -> soft; soft -> nearly hard; nearly hard -> hard) to be mostly 
1-2 weeks (Table 3.13-2; there were no differences between females and males, not shown). In some 
years the total sclerotization process took only 3 weeks; in 1994, however, it was prolonged to 6 weeks, 
and in 1995 it even took 7-8 weeks. - The individual autumn season was only a few days longer (on 
average five days) than the individual sclerotization period. GRÜM (1973) reported a duration of 16-17 
days for the development from the teneral stage (very soft) to the subadult stage (fairly stiff, but not 
completely hardened elytra) in C. arcensis, C. glabratus and C. hortensis.  
Behavioural, reproductive and developmental seasonality in Carabus auronitens and Carabus nemoralis 
 Mitt. Biol. Bundesanst. Land- Forstwirtsch. 382, 2001 108 
Table 3.13-2 C. auronitens. Duration of the intervals of elytra sclerotization evaluated in retrapped animals 
by hand pressure. d is the mean number of days (± SD) between the first catch in a distinct 
sclerotization status and the first catch in the following status. There are no data for the autumn 
generation 1993, as in this year freshly hatched beetles were individually marked by colour 
spots that were not durable in many cases. In autumn 1987 the number of retrapped beetles was 
rather small, and in autumn 1996 no beetles were caught. Data from females and males were 
pooled. The sum (total duration of the postecdysial maturation process) is considered reliable 
when the number of individuals (n) for each interval is ≥ 6. 
 
 very soft - soft soft - nearly hard nearly hard - hard sum 
autumn n d n d n d (days) 
19821 6 5.3±1.9 13 8.2±3.8 41 9.7±5.4 23.2 
19831 7 4.7±1.5 16 8.5±3.9 18 8.5±4.6 21.7 
19841 2 6.5±6.4 7 9.7±3.5 4 8.0±3.5  
1985 5 4.4±1.5 7 8.1±2.9 1 8.0  
1986 32 10.5±5.2 28 11.9±6.3 20 9.9±4.3 32.3 
19882 8 9.25 28 12.5 4 14.0  
1989 49 11.4±6.9 73 11.4±6.2 44 11.8±8.0 34.6 
1990 57 8.1±4.4 72 8.2±5.9 105 11.7±7.2 28.0 
1991 4 10.8±4.3 9 9.7±3.0 2 8.5±6.4  
1992 88 11.0±6.2 92 14.0±7.1 13 7.2±4.9 32.2 
1994 40 10.0±6.8 73 12.3±7.6 60 19.0±12.1 41.3 
1995 9 9.2±6.6 15 21.2±14.5 14 22.1±7.2 52.5 
1997 27 10.3±5.1 22 13.6±6.2 11 10.6±5.1 34.5 
1998 8 5.1±4.85 1 7.0 10 7.0±19.1  
 
1 small deviations from the data given by HEMMER et al. (1986) are due to a slightly different estimation of the individual cuticle 
status; 2standard deviations not calculated. 
 
The large differences in the duration of cuticle maturation could be due to differences in food availability 
during the autumn seasons studied (cf. below). In the autumn generation 1995, however, the long 
duration of sclerotization could have been a consequence of cauterization of the elytra (Section 2.2): the 
hemolymph flow through the veins of the elytra was probably interrupted. Moreover, there are no data 
concerning the duration of the individual sclerotization period for the C. auronitens generation 1993 as 
the colour spots used to individually mark specimens in this autumn were not durable (cf. Section 2.2). 
By feeding experiments it has indeed been shown that the postecdysial maturation process depends on 
food supply; however, we are not able to regress the large differences in the duration of the cuticle 
maturation observed in nature on differences in food supply (see below; cf. Section 4.2). 
During postecdysial maturation the individual weight increased on average by 25-66% in females and by 
32-76% in males (Table 3.13-3). The mean weights of females and males in the maturing states 
distinguished are highly positively correlated; however, the total (absolute and percentage) mean weight 
increase in males and females is not correlated (not shown). Freshly hatched animals lack any fat body 
store (HEMMER et al., 1986). Postecdysial weight increase is due to fat body growth and also to 
endocuticle deposition (see below). -C. auronitens beetles bred in the laboratory (see Section 3.14) also 
showed a rather low weight after imaginal moult. As under natural conditions, the weight increased 
considerably within some weeks (by 45% within 4 weeks) (cf. Table 3.14-2). - The young of the carabid 
Nebria brevicollis also need to increase their hatching weight, by about the same amount (50-60%) as in 
C. auronitens, in order to complete postecdysial maturation (NELEMANS et al., 1989). GRÜM (1973) 
reported an increase of dry body weight by a factor of 2.23 - 5.13 in species of the genera Carabus and 
Pterostichus during postecdysial maturation. 
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Table 3.13-3 C. auronitens. Weight increase during the elytra sclerotization process. 1985-1986: n = number 
of measurements (all weights taken from animals in a distinct maturation state were considered 
for calculating a mean). 1989-1998: n = number of individuals (for animals that were 
repeatedly trapped in a distinct status the mean of the weights measured in this status was 
used). No data available for autumn 1987 and 1988; in autumn 1996 no beetles were trapped. 
Mean weight of very soft specimens: 100%. The total weight increase (%) is considered 
reliable when the number of individuals (n) in both the states very soft and hard is ≥ 6; 
correspondingly, a partial weight increase is considered reliable when n is ≥ 6 for both points of 
reference.  
 
females very soft soft nearly hard hard 
autumn n mg n mg n mg n mg 
total 
weight 
increase 
(%) 
1985 15 361.4±54.5 40 452.3±70.4 23 504.5±43.2 17 560.4±59.1 55.1 
1986 115 360.4±59.1 263 458.2±56.8 193 503.6±59.1 45 533.2±68.2 47.9 
1989 34 349±46 39 409±58 39 452±55 19 516±76 47.8 
1990 39 326±51 37 403±74 54  436±59 54  471±64 44.5 
1991 8 291.6±52.9 13 400.0±38.7 10 492.5±53.8 6 513.1±59.3 76.0 
1992 83 357.2±72.7 103 459.7±70.9 67 529.9±69.4 33 581.3±55.7 62.7 
1993 55 354.5±55.2 96 428.2±55.2 101 500.2±62.3 47 566.0±80.0 59.7 
1994 68 305.1±62.4 89 379.1±50.6 78 430.1±59.4 78 486.9±68.7 59.6 
1995 18 282.0±55.9 23 339.9±47.6 20 413.9±87.4 16 424.6±63.6 50.6 
1997 31 330.6±52.3 39 393.7±58.4 29 465.3±58.2 24 520.1±100.2 57.3 
1998 14 315.8±50.8 13 380.5±56.5 3 448.3±76.7 26 416.3±85.6 31.8 
 
males very soft soft nearly hard hard 
autumn n mg n mg n mg n mg 
total 
weight 
increase 
(%) 
1985 9 284.1±61.4 17 320.4±40.9 20 386.4±50.0 18 413.6±27.3 45.6 
1986 40 292.3±34.1 134 362.7±39.5 118 394.5±31.8 79 412.7±40.9 41.2 
1989 15 303±41 34 338±34 25 388±51 25 406±51 34.0 
1990 18 261±29 35 308±32 51 352±49 51 371±43 42.1 
1991 10 264.5±51.6 15 333.3±45.2 14 397.8±58.1 3 401.3±45.2  
1992 54 317.3±50.3 81 364.4±47.4 52 408.8±49.4 8 397.5±43.5 25.3 
1993 42 296.5±42.8 80 338.2±37.7 69 399.5±56.5 26 413.7±39.8 39.5 
1994 48 260.5±30.9 71 303.4±39.4 54 345.2±34.0 63 392.4±43.4 50.6 
1995 16 232.7±30.4 7 281.2±41.0 12 320.6±36.3 10 385.8±64.9 65.8 
1997 28 251.6±33.4 30 319.1±25.7 20 355.4±60.9 18 395.8±70.6 57.3 
1998 12 264.0±27.0 7 288.1±46.5 12 386.8±67.4 32 354.6±79.0 34.3 
 
The duration of the postecdysial maturation process (Table 3.13-2) and the absolute or the percentage 
total mean weight increase during this process (Tables 3.13-3) were not correlated. In the males, the 
percentage and absolute total mean weight increase were significantly negatively correlated with the 
mean hatching weight (regarding absolute mean hatching weight and absolute weight increase; Table 
3.11-3: rs = -0.7697; p = 0.009; r = -0.6945; n = 10; in females there was no correlation: rs = +0.3818; p = 
0.247; n = 10; generation autumn 1995 included; using relative mean hatching weight, Table 3.13-5, and 
the percentage weight increase we calculated similar parameters of regression). Thus, it seems that at 
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least in males a low mean hatching weight is more or less compensated by a greater weight increase after 
hatching. Interestingly, in males it was the last maturation interval (nearly hard - hard) in which the 
absolute weight increase depended (as has to be expected, with negative sign) on the mean hatching 
weight (regarding mean absolute hatching weight: males: rs = -0.7697; p = 0.009; r = -0.5550; n = 10; 
females: rs = +0.4061; p = 0.244; n = 11; the relative mean hatching weight gives similar parameters of 
regression). (The females' weight increase during the maturation intervals has been found in no case to be 
correlated with the hatching weight). One may conclude from this observation that at least in males after 
hatching a quick sclerotization of the cuticle had priority over a compensatory weight increase (for this 
model cf. also Section 4.5). Correspondingly, in males the duration of the interval "nearly hard - hard" 
(Table 3.13-2) and the weight increase in this interval (Table 3.13-3) were positively correlated: rs = 
+0.8333; p = 0.010; n = 8. In no other case, neither in males nor in females, did we detect a correlation 
between the duration of a maturation interval and the weight increase during this interval.  
It has already been shown that the survival rate of the young generation from the season of hatching until 
the first spring season was mostly rather high and that it did not vary appreciably (a probably - at least 
partly - artificially caused exception was the low survival probability of the generation autumn 1995) 
(Tables 3.2-1). It is consistent with this observation that the survival rate of the young generations did not 
depend on the absolute (Table 3.13-3) or the relative mean hatching weight (Table 3.11-5), on the 
percentage mean weight increase during postecdysial maturation (Table 3.13-3) or on the mean weight at 
the end of the postecdysial maturation (weight in the cuticle state "hard") (Table 3.13-2) (Table 3.13-4). 
In females and males, there was a weak negative influence of the duration of the postecdysial maturation 
process (Table 3.13-2) on the survival rate (Table 3.13-4); however, as the number of cases is only 4 this 
regression does not allow a far-reaching interpretation.  
 
Table 3.13-4 Regression of the survival rate of the young C. auronitens females and males from autumn 
until 1st spring season (Table 3.2-1) (i) on the absolute mean weight of the freshly hatched 
specimens (Table 3.13-3), n = 6; (ii) on the relative mean weight of the freshly hatched 
specimens (Table 3.11-5), n = 6; (iii) on the percentage mean weight increase during 
postecdysial maturation (Table 3.13-3), n = 6; (iv) on the mean weight at the end of the 
postecdysial maturation process (in the cuticle state "hard"; Table 3.13-3), n =6; (v) on the 
mean duration of the postecdysial maturation period (females and males pooled; Table 3.13-2), 
n = 4. Generation autumn 1995 included.  
 
 females males 
 b sb p b sb p 
i +0.4723 0.2430 0.1238 +0.4413 0.3409 0.2651 
ii +12.5177 7.1153 0.1533 +10.0325 8.4241 0.2995 
iii +0.1821 0.8605 0.8427 -1.1246 0.6110 0.1395 
iv +0.1435 0.1227 0.3071 -0.0598 0.6400 0.9300 
v -2.4310 0.7692 0.0872 -2.9381 0.9461 0.0899 
 
In 1992, PETER HOCKMANN measured the individual sclerotization duration by the quantitative method 
developed by him (cf. Table 2-4: 1997). In Fig. 3.13-1 the process of elytra sclerotization is diagrammed 
for females that were trapped four - five times and were very soft at first catch. The individual variability 
of the sclerotization duration was found to be enormous: between 10 and 36 days elapsed until the nearly 
hard state was reached. A further hint of individually variable sclerotization processes arises from the 
comparison of animals caught seldom (two - three times) and frequently (more than five times) (Fig. 
3.13-2): in the females trapped seldom the maturation process of the elytra was distinctly accelerated. It 
is reasonable to assume that such individual differences were caused by some beetles having the good 
luck to obtain plenty of food (and therefore having less need to be active). 
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Fig. 3.13-1 Process of cuticle sclerotization in C. auronitens females trapped four - five times in autumn season 
1992. Only those females are considered that were very soft at first catch. Hardening of the elytra 
was measured mechanically (cf. Section 2.4). Filled circles mark the first and the last individual 
catch. Cuticle maturation varied enormously amongst the individuals: the quickest female 
completed maturation within 22 days, the slowest one was still in the soft state 22 days after the first 
catch, and even after 40 days this specimen had not matured. 
 
 
 
Fig. 3.13-2 Process of cuticle sclerotization of C. auronitens females trapped two - three times (left) and more 
than five times (right) in autumn season 1992. 42 specimens trapped two - three times, and 7 
specimens trapped more than five times are included. Each specimen started at day 1, which means 
that many individual points overlap at day one, and several individual points at the other days. The 
exponential functions may characterize the sclerotization process: in the females trapped two-three 
times the exponential function intersects the 60°-line of hardness 33 days after the first catch, and in 
those trapped more than five times, 41 days after the first catch.  
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MICHAEL KLENNER studied the cuticle of C. auronitens histologically (c.f. Section 2.4; KLENNER, 1989, 
Table 2-4: 1990). The cuticle of the tibia consists of a thin epicuticle, a multilamellate exocuticle (12-13 
µm thick), and a layered endocuticle, which is 50 - 90 µm thick when completely matured. In carabids, 
the deposition of endocuticle layers is not controlled by a circadian clock, as e.g. it is in cockroaches 
(LAMPRECHT & WEBER, 1982; WEBER, 1995). In C. auronitens, the mature endocuticle is characterized 
by some "closing layers" showing a strengthened polarizing effect (Fig. 3.13-3). The tibia of beetles with 
very soft elytra regularly showed 4-7 endocuticle double layers, which were assumed to have already 
been deposited in the pupal chamber shortly after hatching (Figs. 3.13-4 a, b). Rarely, closing layers were 
observed even in beetles with elytra that were still soft (Table 3.13-5). Thus, it seems that sclerotization 
of the elytra and endocuticle growth in the tibia are not always synchronous. 
 
 
 
Fig. 3.13-3 Cross-section of a hind tibia of a C. auronitens specimen with a fully developed endocuticle. The 
beetle was found in a winter resting place. Ex exocuticle, En endocuticle, As "closing layers" of 
the endocuticle. The epicuticle is not clearly visible. Hy hypodermis (Photo: MICHAEL KLENNER). 
 
 
 
Figs. 3.13-4 a-b (a) Cross-section of a hind tibia of a freshly hatched C. auronitens specimen trapped in the 
forest (elytra very soft). The endocuticle consists of about 7 double layers. (b) After 7 days of 
food deprivation endocuticle growth has not continued; the hypodermis is shrunken. Cf. legend 
of Fig. 3.13-3 (Photo: MICHAEL KLENNER). 
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Figs. 3.13-5 a-d Cross-sections of the hind and middle tibiae of a C. auronitens specimen trapped as very soft in 
the forest, reared in a glass jar in the forest (cf. Section 2.8) and fed with 0.5 g lean minced 
meat once weekly. A tibia was dissected immediately after trapping (a), 7 (b), 14 (c) and 21 
days (d) after starting the experiment. Endocuticle grew continuously; however, closing layers 
are not yet deposited after 21 days. The arrow in Figs. 3.13-5 a, b and c indicates the 
endocuticle growth up to the respective previous control (e.g. arrow "t14" in Fig. 3.13-5 d 
indicates the layers deposited up to day 14 as shown in Fig. 3.13-5 c). The hypodermis is 
largely artificially destroyed. Cf. legend of Fig. 3.13-3 (Photo: MICHAEL KLENNER). 
 
Table 3.13-5 Sclerotization of the elytra and maturation of the endocuticle in C. auronitens females and 
males trapped in the forest during the autumn season 1986. A piece of a hind tibia was fixed 
immediately after trapping.  
 
status of the  
elytra 
 
n 
mean width of 
exocuticle (µm) 
mean width of of 
endocuticle (µm) 
percentage of animals with 
closing layers of the 
endocuticle 
very soft 37 12.1 ± 1.4 29.0 ± 12.3 0 
soft 17 12.0 ± 1.8 50.9 ± 13.7 18 
nearly hard + hard 11 11.9 ± 1.2 71.5 ± 7.1 91 
 
MICHAEL KLENNER also investigated the dependence of the postecdysial development of the 
C. auronitens cuticle on food supply (c.f. Section 2.8; KLENNER, 1989; Table 2-4: 1990). Body weight, 
state of the hypodermis, sclerotization of the elytra and endocuticle growth of the tibia integument were 
considered. Very soft beetles totally deprived of food did not show any further endocuticle growth (Figs. 
3.13-4 a,b), nor did sclerotization of the elytra advance, and the body weight decreased considerably: all 
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animals died within one - three weeks (Table 3.13-6: exp. 1). Beetles deprived of food for 10 or 14 days 
and then fed ad libitum once a week also showed slow progress of elytra sclerotization and endocuticle 
growth; most of them died in the presence of abundant food (Table 3.13-6: exp. 6 and 7). Food ad 
libitum after only five days of food deprivation was tolerated much better: mortality rate was reduced, 
the weight increased, and some endocuticle was deposited (Table 3.13-6: exp. 8). Also, several animals 
that were fed once ad libitum at the beginning of the experiment and then deprived of food survived and 
exhibited endocuticle growth including the deposition of "closing layers"; however, weight decreased 
during the experiment and, and as in exp. 8, sclerotization of the elytra remained incomplete in most 
animals until the end of observation (Table 3.13-6: exp. 9). 74 - 80% of the animals fed with 0.1 or 0.2 g 
meat per week survived until the end of observation, the endocuticle grew somewhat and even closing 
layers were deposited in most cases, but weight increase was negligible and the elytra remained very soft 
or soft (Table 3.13-6: exp. 2 and 3). Animals fed with 0.5 g or 5.0 g showed a low mortality, endocuticle 
growth was accelerated, and the elytra became hardened (nearly hard - hard); however, there was little or 
no weight gain (Table 3.13-6: exp. 4 and 5; Figs. 3.13-5 a - d). It may be that the food offered in these 
experiments was of suboptimal quality; nevertheless, it became evident from these results that the 
postecdysial maturation process depends on food supply. The beetles have to obtain food shortly after 
leaving the pupal chamber, otherwise they became irreversibly injured; the amount of food available 
determines duration and completeness of the various maturation processes. - Also from our breeding 
experiments in the laboratory (Section 3.14) we got the impression that food intake is necessary for 
freshly hatched C. auronitens.  
 
Table 3.13-6 Feeding experiments with freshly hatched C. auronitens females and males. The animals were 
kept isolated in 0.5 – 1 l glass jars on the floor of the forest during the autumn seasons 1985 - 
1987 and fed with lean minced meat as mentioned in column 2 of Table 3.13-6 a. Animals were 
observed until death or until the end of the experiment. After an animal had died the body was 
weighed, the status of the elytra was evaluated and a piece of a tibia was fixed. vs: elytra are 
very soft, s soft, nh/h nearly hard or hard.  
 
No. of 
exp. 
feeding 
conditions 
n 
(females/ 
males) 
duration 
of obser-
vation (d) 
status of elytra 
at the start of 
the experi-
ment  
status of elytra at the end of 
observation 
morta-
lity 
(%)  
    vs s vs s nh/h %a  
1 no food 6/4 7 - 22 10 - 10 - - 0  100 
2 0.1 g/week 6 5 10 - 32 9 2 7 4 - 18 36 
3 0.2 g/week 6/4 22 - 32 9 1 1 9 - 80 20 
4 0.5 g/week 8/2 22 - 29 5 5 - - 10 100 0 
5 5.0 g/week 8/2 14 - 29  6 4 1 - 9 90  10 
6 15 d hunger - 
food ad lib.1 
1/3 
max.223 
2 2 2 2 - 0 100  
7 10 d hunger -
food ad lib.1 
6/4 17 - 32 9 1 7 2 1 30 80 
8 5 d hunger - 
food ad lib.2 
7/3 15 - 18 5 5 3 6  1 30 10 
9 once food ad 
lib. - hunger 
7/3 28 - 32 7  3 2  6  2 70 10 (60) 
 
a Percentage of animals in which elytron sclerotization changed during the experiment; 1 food ad libitum once a 
week; 2 food ad libitum every 3 - 4 days; 3 all animals died within 1 week after starting feeding; 4 5 animals died 39 
days after starting the experiment. 
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Table 3.13-6 (continuation) 
 
No. 
of 
exp. 
mean 
starting 
weight of 
females 
mean end 
weight of 
females  
mean 
starting 
weight of 
males  
mean end 
weight of 
males  
mean width of endocuticle 
(µm)  
mean 
growth of 
endocu-
ticle with 
per day 
(µm) 
percen-
tage of 
animals 
with 
closing 
layers 
 (mg) (mg) (mg) (mg) start end   
1 386 ± 47 296 ± 47 272 ± 17 241 ± 13 25.5 ± 8.0 25.9 ± 7.7 0.0 ± 0.1 0 
2 344  ± 49 343 ± 55 275 ±39 284 ± 19 30.5 ± 18.1 48.8 ± 16.0 0.9 ± 0.6 60 
3 372 ± 47 402 ± 37 301 ± 37 333 ± 22 36.7 ± 12.6 57.8 ± 14.2 1.1 ± 0.7 80 
4 408 ± 74 406 ± 45 357 ± 18 363 ± 6 30.3 ± 18.2 59.0 ± 11.8 1.7 ± 0.8 80 
5 418 ± 46 434 ± 51 294 ± 23 321 ± 42 23.7 ± 9.0 59.1 ± 7.8 1.9 ± 0.8 100 
6 343 285 313 ± 14 241 ± 25     
     31.1 ± 12.9 31.4 ± 17.7 0.1 ± 0.3 15 
7 338 ± 47 324 ± 93 289 ± 21 293 ± 71     
8 402 ± 75 430 ± 86 299 ± 33 370 ± 48 31.7 ± 14.5 42.6 ± 17.6 0.8 ± 0.6 40 
      hunger 0.6 ± 0.4  
      ad libitum 0.9 ± 0.7  
9 420 ± 22 334 ± 43 334 ± 77 249 ± 26 37.0 ± 13.3 55.6 ± 8.9 1.1 ± 0.9 70 
      ad libitum 1.9 ± 0.7  
      hunger 0.3 ± 0.3  
 
We conclude from our observations and experiments that after hatching, C. auronitens is obligatorily 
active for food. Although this conclusion cannot be extended to other carabid species (there are species 
without a "Herbstbestand" {LARSSON, 1939}, for example Carabus auratus; cf. Section 4.10) or even to 
C. auronitens populations living under different conditions, its applicability even to the population 
studied was questioned by DEN BOER (personal comm.). There are indeed two phenomena that seem to 
disprove our conclusion: (1) some beetles that hatched during a late summer/autumn season were found 
no earlier than in the following spring season (Table 3.2-1); (2) at the beginning of a spring locomotory 
activity season beetles with immature (soft or nearly hard) cuticle have rarely been found. For example, 4 
such specimens were detected in the 0.2 ha enclosure at the beginning of spring season 1998 (one 
specimen was dead in the pitfall, the others continued to harden and survived until the spring season 
1999).  
Regarding 1: As a rule, the proportion of young beetles trapped no earlier than during their 1st spring 
season was relatively small (Table 3.2-1), and maybe they were simply "overlooked" in the autumn 
season because of the short individual activity periods; in 1993, however, the number of "overlooked" 
animals was high, probably because of deficiencies in the trapping program. It may also be that some 
teneral beetles were so fortunate as quickly to find food large enough for them to complete the 
postecdysial maturation, so that these beetles' activity period after hatching was extremely short (cf. Fig. 
3.13-2).  
Regarding 2: Have beetles with immature cuticle at the beginning of a spring season hatched after larval 
hibernation as seems to occur in C. auronitens under high mountain conditions (see Section 4.11)? In the 
subspecies C. auronitens escheri Stiprajs (1964; cited by HURKA, 1972) observed facultative (?) 
hibernation of the 3rd-instar larvae and thus a semivoltine development under laboratory conditions; 
moreover, HURKA (pers. comm.) has found larvae of the 3rd instar in high mountain populations in 
spring (see Section 4.11). Larval hibernation, however, is unlikely in the Westphalian Lowlands, as both 
larvae and immature adults in the state "very soft" have never been trapped in the early spring. Immature 
animals found in the spring may be those that hatched rather late in the autumn and obtained only poor 
food, sufficient for survival but not for completing maturation before the beginning of cold wintry 
weather. Occasionally, we found beetles with an immature cuticle (as revealed by hand pressure and 
Behavioural, reproductive and developmental seasonality in Carabus auronitens and Carabus nemoralis 
 Mitt. Biol. Bundesanst. Land- Forstwirtsch. 382, 2001 116 
histological examination of the endocuticle, Fig. 3.13-6) in winter resting places (Table 3.13-7), which 
demonstrates that survival of immatures after late hatching was indeed possible.  
 
 
 
Fig. 3.13-6 Cross-sections of the hind tibia of two C. auronitens specimens collected from a winter resting 
place. Exceptionally, these specimens had an immature endocuticle, which was approximately half 
as thick as a mature endocuticle (cf. Fig. 3.13-3) and lacked the closing layers. Cf. legend of Fig. 
3.13-3 (Photo: MICHAEL KLENNER). 
 
Table 3.13-7 Sclerotization of the elytra and maturation of the endocuticle in C. auronitens females and 
males collected from resting places (rotten wood) in the winter. Old females were identified by 
corpora lutea. A piece of a hind tibia was fixed immediately after trapping. 
 
status of elytra  
 
n 
mean width 
of exocuticle 
(µm) 
mean width 
of endocuticle 
(µm) 
number of 
animals with 
closing layers 
males     
s 1 12.6 33.0 0 
nh 10 11.2 ± 1.9 64.4 ± 7.8 8 
h 14 12.3 ± 1.8 71.4 ± 9.3 14 
females, young     
s 4 11.3 ± 2.7 49.5 ± 13.6 1 
nh 9 11.4 ± 1.8 61.4 ± 10.8 8 
h 5 11.5 ± 2.1 73.8 ± 7.7 5 
females, old     
h 7 12.6 ± 2.3 84.1 ± 5.5 7 
 
As in C. auronitens, C. nemoralis increases its weight considerably (in females and males by about 45%) 
during the postecdysial maturation process (Table 3.13-8). The scanty data set for this species does not 
allow the duration of the cuticle hardening states for the single autumn seasons to be estimated. Even the 
pooled data (pooled for females and males and over the years of observation) seem to be rather 
unreliable, as the standard deviations are relatively large: very soft -> soft: 12.3 ± 16.35 days, n = 7; soft 
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-> nearly hard: 11.1 ± 8.4 days, n = 9; nearly hard -> hard: 23.7 ± 16.5 days, n = 33. It seems, however, 
that at least the final sclerotization (nearly hard -> hard) took on average longer than in C. auronitens.  
 
Table 3.13-8 Postecdysial weight development in C. nemoralis. Data from autumn seasons 1993, 1994, 
1996, 1997 and 1998 are pooled. The weight measurements of beetles caught in the same 
cuticle state several times were averaged.  
 
status of elytra females males 
 n mg n mg 
very soft 9 371.8±77.6 16 326.9±47.9 
soft 23 445.6±87.4 16 392.2±45.6 
nearly hard 40 499.3±69.7 31 434.8±53.1 
hard 88 544.7±79.1 87 466.9±56.9 
total weight increase  46.5 %  42.8 % 
 
3.14 Results of breeding C. auronitens in the laboratory 
Interestingly enough, in the laboratory breeding experiment (Section 2. 9) C. auronitens F1-females were 
not reproductively active during the first long-day (summer) period. This is consistent with the 
observations in nature that the seasonal activity period in spring was usually shorter in young beetles 
than in old beetles (Section 3.3) and that the maximum weight of the females in the period between the 
1st decade of April and the 2nd decade of May, which is an operational measure of egg production, was 
sometimes smaller in young females than in old females (Table 3.7-8). In nature, however, egg 
production by young females has definitively been proved: in the spring young females developed 
corpora lutea, and in their hemolymph vitellogenin was demonstrable (Section 3.7, Fig. 3.7-3). - In the 
laboratory, egg laying started 11 - 18 days after the beetles had entered the second or the third summer 
period. Maximum production during a summer period was 40 eggs per female or even somewhat more. 
This number fits well with numbers reported in the literature: 6 - 117 eggs per female per season in other 
Carabus species (KERN, 1912; OERTEL, 1924; KIRCHNER, 1927; BURMEISTER 1939; SCHERNEY, 1959; 
NÜSSLER, 1969; HURKA, 1973), 31 eggs in C. auronitens (HURKA, 1973) and in C. nemoralis 51 (KERN, 
1912) or 22-34 eggs (HURKA, 1973). In the laboratory, egg production continued over 40 - 50 days; then 
it ceased spontaneously, even when the conditions remained unchanged. Only occasionally were a few 
(and then unfertilized) eggs laid later: for example, in a group of 3 females and 3 males 84 out of a total 
of 88 eggs were produced within 51 days; but the last egg was observed 52 days later.  
From the total of 584 eggs laid under laboratory conditions 468 larvae, 315 pupae and 281 adults 
developed. Preimaginal stages developed free of any diapause interruption; the duration of preimaginal 
development was in females altogether 70 days and in males altogether 69 days in 20 °C constant 
temperature (Table 3.14-1).  
 
Table 3.14-1 Duration (mean and standard deviation of the number of days) of preimaginal development in 
C. auronitens individuals bred in the laboratory. Sample includes 105 females and 100 males.  
 
 embryonic development1 larval development2 pupal development3 total (days) 
females about 11.5 47.64 ± 6.37 11.10 ± 2.54 about 70 
males about 11.0 46.60 ± 2.98 11.12 ± 2.98 about 69 
 
1 Interval: egg laying - larval hatching; 2 interval: larval hatching - pupation; 3 interval: pupation - adult hatching. 
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As under natural conditions, after imaginal moult the weight increased considerably within some weeks 
(by 45% within 4 weeks) (Table 3.14-2). There was a difference from development in nature insofar as 
females and males exhibited nearly the same weight both at hatching and after completing postecdysial 
maturation. Moreover, beetles bred in the laboratory were smaller and lighter than those that developed 
in the forest both immediately after hatching and after completing postecdysial maturation (especially the 
females, cf. Table 3.13-3 and Table 3.14-2). Similarly, VAN DIJK (1994) and THEISS & HEIMBACH 
(1994) observed in the carabids Pterostichus coerulescens, P. cupreus and Calathus melanocephalus that 
beetles bred in the laboratory are smaller and lighter than beetles that developed in the field. It has been 
shown in several species (THEISS & HEIMBACH 1993; VAN DIJK, 1994) that a suboptimal quality of food 
negatively influenced survival and growth of larvae and consequently the size of the developing beetles 
even when large quantities of food are offered. However, in the case of C. auronitens, it could also be 
that rearing temperature in the laboratory (20 °C) was supra-optimal, accelerating the preecdysial 
developmental processes at the cost of growth. Such a relationship has been observed in P. cupreus by 
THEISS & HEIMBACH (1994) in the temperature range of 17 – 25 °C and in the staphylinid beetle 
Philonthus cognatus in a range of 15 ºC bis 25 °C by METGE (1996) (in these experiments with different 
temperature conditions quantity and quality of food were the same). An influence of the rearing 
temperature of the larvae on body size of adult carabids, which is independent of food supply, has also 
been reported by DESENDER (1989) and ERNSTING et al. (1992). 
 
Table 3.14-2 Postecdysial weight development in adult C. auronitens females and males bred in the 
laboratory. Mean number of days after hatching (± S.D.), and mean individual weight (± S.D.; 
mg); n = number of individuals. Randomly selected beetles hatched in the laboratory were 
weighed, and the decreasing number of weighed beetles is not due to postecdysial mortality.  
 
 time of 
hatching 
mean number of days after hatching (± S.D.) total 
weight 
increase 
(%) 
females  7.9 ± 1.1 14.9 ± 1.2 22.0 ±1.3 28.7 ±1.1 35.4±1.1  
weight 251 ± 35 293 ± 72 335 ± 70 357 ± 59 366 ± 59 365 ± 54 46 
 n = 99 n = 99 n = 95 n = 94 n = 70 n = 48  
males  7.7 ± 1.1 14.8 ± 1.1 21.8 ±1.3 28.5 ±1.2 35.4±1.2  
weight 255 ± 35 306 ± 71 343 ± 77 359 ± 57 369 ± 58 373 ± 57 45 
 n = 111 n = 111 n = 107 n = 104 n = 91 n = 59  
 
3.15 Dormancy and overflow tolerance 
In C. auronitens, only a very few of the beetles surviving the spring season were active in the late 
summer/autumn season (Table 3.2-1). Most of the surviving old C. auronitens were dormant without 
interruption until the beginning of the next spring season. Although this dormancy period lasted 9-10 
months, at the end of the winter these beetles have not completely consumed their fat-body store (Table 
3.6-1). During the dormancy period the weight loss until the beginning of next spring season was rather 
small, but variable from year to year: it varied between -6.3 and -21.5% in females and between -6.3 and 
-17.0% in males (Table 3.15-1). At the beginning of the spring the specimens could have already begun 
eating again; therefore the weight loss of specimens collected while still in winter resting places was 
larger: in females between -11.8 and -28.3% (Table 3.15-1; old and young females can be distinguished, 
even when they have not been marked, by means of the corpora lutea {cf. Section 3.7}; unmarked old 
and young males cannot be distinguished).  
It is not known by what (probably hormonal) mechanism quiescent C. auronitens are able to throttle 
metabolic rates when exposed to high ambient temperatures during summer. It should be stressed that the 
animals are able to become active quickly when they are frightened in their resting places (for example in 
rotten wood). On the other hand, it is unknown what causes the above-mentioned year-to-year 
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differences in weight loss during the long dormancy period. Temperature in the resting places could be 
influential, as well as the quality of the fat-body store. 
The mean weight of old surviving females sampled in winter resting places (mostly outside the 
enclosure) does not positively regress on the maximum mean weight measured in the 3rd decade of May 
or in June of the previous spring season (Table 3.6-4); there is even a significant negative regression: b = 
-1.4535; sb = 0.3917; p = 0.0206; r2 = 0.7749; n = 6). A possible explanation for this unexpected 
dependence could be that the food was of poor quality (low energy content) when the specimens 
developed a rather high maximum mean weight at the end of the spring season.  
 
Table 3.15-1 Mean weight of surviving old C. auronitens females and males at the end of the winter and at 
the beginning of the spring season i+1 compared with the mean weight of specimens at the end 
of the spring season i (in June; data are partly presented in Table 3.6-4). WR: weight of 
specimens collected in winter resting places near the enclosure, old females exhibiting corpora 
lutea were considered. At the end of the winter 1995 and 1996 individually marked individuals 
were collected from artificial resting places inside the enclosure; in this case, young and old 
males in winter resting places could be distinguished. Date: weight of specimens already active 
in the enclosure.  "Female diff." and "male diff": differences from the weight at the end of the 
spring season i (=100%). 
 
  females males female diff. male diff. 
year i+ 1 period n  mg n  mg  (%) (%) 
1985 WR 17 460±55 - - - - 
1986 WR 3 465±46 - - -26.7 - 
1987 WR 23 529±61 - - -13.3 - 
1988 WR 26 531±46 - - -11.0 - 
1989 WR 8 455±34 - - -28.3 - 
1993 April 4 11 452±57 11 350±42 -23.4 -12.9 
1994  WR 28 516±54 - - -13.6 - 
March 3 - March 31 44 533±63 42 387±44 -10.7 -6.7 
1995 WR 2 574±35 1 388 (-8.2) (-14.2) 
March 24 - April 4 78 479±48 81 366±79 -21.5 -17.0 
1996 WR 59 505±75 59 392±35 -12.8 -5.3 
March 25 - April 19 36 479±70 30 349±67 -17.3 -15.7 
1997        
March 10 - March 24 41 549±98 28 394±53 -6.3 -12.0 
1998        
March 17 - March 31 83 532±66 19 384±37 -7.1 -6.3 
1999        
March 26 - April 2 19 545±62 24 361±55 -7.6 -16.4 
 
The weight loss of young C. auronitens during the dormancy period, which is much shorter than the 
dormancy period of the surviving old beetles and, moreover, is largely restricted to the winter, varied 
about as much as that of the old surviving specimens: if based on the weight at the beginning of the 
spring season between -18.1 and +10.23% in females and between -9.4 and +6.3% in males (Table 3.15-
2; the value of -30.0% for males in 1996 is not reliable because of the small sample). Again, the weight 
loss is somewhat higher when the weight of females still resting is considered: between between -13.5 
and -24.0% (the value of +1.0% for females in 1996 is not reliable because of the small sample). As in 
old surviving specimens, the factors causing the year-to-year differences in weight loss are unknown. 
The mean weight of young females sampled in winter resting places (Table 3.15-2) does not regress on 
the mean weight measured in the maturation state "hard" in the previous autumn (Table 3.13-3; 
parameters not shown). Interestingly, in most years the young beetles were somewhat lighter in winter 
resting places and at the beginning of the spring season than the old surviving specimens (Tables 3.15-1 
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and 3.15-2). This seems to be a consequence of the fact that young specimens, especially females, 
starting the dormancy period were lighter than the old beetles at the end of the spring season (maybe 
because of the highly energy- and biomass-consuming postecdysial maturation; compare Table 3.6.4 and 
Table 3.13-3). In any case, this phenomenon points to a rather economical energy consumption during 
the long-term dormancy of C. auronitens , which comprises most of the hot season.  
 
Table 3.15-2 Mean weight of young C. auronitens females and males (hatched in the autumn season i) at the 
end of the winter and at the beginning of the spring season i+1. Date: weight of specimens 
already active in the enclosure. WR: weight of specimens collected in winter resting places 
near the enclosure at the end of the respective winter, young females without corpora lutea 
were considered. At the end of the winter 1995 and 1996 individually marked individuals were 
collected from artificial resting places inside the enclosure; in this case, the individually marked 
young and old males could be distinguished. "Female diff." and "male diff": difference from 
the weight of young beetles in the autumn season i after postecdysial maturation had been 
finished (autumn weight = 100%) (cf. respective data in Section Table 3.13-3). 
 
  females males female diff. male diff. 
year i+1 period n  mg n  mg  % % 
1985 WR 27 428±65 - - - - 
1986 WR 27 437±47 - - -22.0 - 
1987 WR 49 405±49 - - -24.0 - 
1988 WR 12 457±45 - - - - 
1989 WR 21 437±61 - - -  
1993 April 4 29 476±71 43 360±40 -18.1 -9.4 
1994 WR 7 463±30 - - -18.2 - 
March 3 - March 31 100 481±73 95 376±38 -15.0 -9.1 
1995 WR 17 421±51 12 326±38 -13.5  
March 24 - April 4 40 460±84 38 368±54 -5.5 -6.2 
1996 WR 4   425±82 0 - (+0.1)  
March 25 - April 19 5 396±75 3 270±29 -6.7 (-30.0) 
1998        
March 17 - March 31 36 467±115 45 368±58 -10.21 -7.0 
1999        
March 26 - April 2 15 459±105 29 377±35 +10.23 +6.3 
 
In order to get an impression of the significance of C. auronitens and C. nemoralis, artificial resting 
places were installed in the enclosure in June 1994 (Section 2.2). At the end of the winter 1994/95 
(March 20) we found 13 males and 19 females of C. auronitens in these quarters; of them only 3 
specimens were old ones, the others having hatched in autumn 1994. That is, only 5% of the specimens 
present in spring 1994 in the enclosed area rested in the artificial places. No C. nemoralis was found. The 
wooden planks remained in the enclosure for a further year. In June 1995 we observed some resting 
C. auronitens specimens beneath the upper planks (the animals were not disturbed). At the end of the 
winter 1995/96 (March 18) we collected 60 males (36% of the total stock in spring 1996) and 64 females 
(27% of the spring stock) in the spaces between the planks (two specimens were dead). With the 
exception of 4 females all specimens belonged to old generations (remember that in 1995 reproduction 
rate was low {Table 3.2-5} and that the mortality of the generation autumn 1995 was rather high {Table 
3.2-3}). Thus, surviving old C. auronitens specimens already searched for suitable places in dead wood 
at the end of the spring season, and they stay there continuously until the beginning of the next spring 
season. It is probable, however, that they avoid dead wood that is dry when the dormancy period is 
beginning. - Again, no C. nemoralis was found in the artificial places. It could be that C. nemoralis had 
already left the resting places at this time: about 35% of the whole spring stock of C. nemoralis, but no 
C. auronitens were trapped in pitfalls in the enclosure at the end of March 1996. A further possibility has 
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been discussed in Section 3.12: that C. nemoralis did not rest in shelters during the winter like C. 
auronitens, but was ready to become active during winter whenever the weather was mild. During cold 
periods C. nemoralis may rest in the soil near the surface.  
The habitat of C. auronitens in the Westphalian lowland is uncommon insofar as at several sites occupied 
by this species the soil is water-retaining so that the ground water level is high and, especially during 
winter, often above the soil surface. Local flooding is also a common occurrence at the site of the 
investigation, the Forst Tinnen. Beetles resting in the soil or in rotten wood are in danger of becoming 
submerged. The question arises whether C. auronitens in the Westphalian Lowlands is able to survive 
flooding of appreciable duration. In the carabid Pelophila borealis an accumulation of lactate and alanine 
in the hemolymph of the adults under anaerobic conditions was detected (CONRADI-LARSEN & SØMME, 
1973 a, b; SØMME, 1974). The specimens of this species overwinter as adults in sedimentation flats near 
rivers; during winter the flats can be flooded and covered by ice and snow. The adults of this beetle are 
obviously able to survive long-term anaerobic conditions. Kept in nitrogen atmosphere at 0 °C the 
beetles survived up to 120 days whilst as a consequence of anaerobic metabolism the lactate 
concentration rose as high as 30 MM. 
From HELKE KLÄNING'S overflow experiments (Table 2-4; Section 2.13) one can conclude that 
C. auronitens employed two strategies to cope with flooding under winter conditions (at 2 °C). (1) Many 
of the flooded animals were able to emerge and reached the air above the flooded substrate, even at 
temperatures as low as 2 °C (Table 3.15-3). (2) Other specimens remained submerged, and survived at 
least 20 days. They accumulated measurable amounts of lactate in the hemolymph: the concentration of 
this anaerobic metabolite increased to around 16 MM. during the time of flooding (Fig. 3.15-1). 
Obviously, C. auronitens in the Westphalian Lowlands is adapted to (at least) short-term floodings. - For 
a comparison HELKE KLÄNING also investigated C. auronitens and C. irregularis collected on hilltops of 
the Teutoburger Wald (a hilly area in Westphalia and Lower Saxony) where no danger of flooding exists. 
The flooding resistance in the C. auronitens of the Teutoburger Wald did not seem to be lower than that 
of the Westphalian Lowlands populations; C. irregularis also showed some tolerance, though it seemed 
to be lower than the tolerance of C. auronitens (cf. Table 3.15-3). The C. auronitens and C. irregularis 
beetles of the Teutoburger Wald also accumulated lactate in the hemolymph during immersion (see the 
legend of Fig. 3.15-1).  
 
Table 3.15-3 Survival and mortality during experimental flooding at 2 °C for 10 and 20 days. - n1: total 
number of individuals; n2: continuously emerged; n3: continuously submerged; n4 partly 
emerged, partly submerged. - From the Westphalian Lowlands specimens of  two C. auronitens 
populations (I: Davert; II: Brockbüsche) have been investigated. Hilltops: populations from the 
Teutoburger Wald (Großer Freeden), a hilly area in Westphalia and Lower Saxony, where there 
is no danger of flooding. - Moribund specimens showed uncoordinated movements 67 days 
after the flooding had been ended (cf. Section 2.13). The number of dead/moribund beetles was 
significantly higher (p < 0.002) in C. irregularis  than in C. auronitens from the same site 
(females and males pooled). There were no differences between the C. auronitens populations 
investigated. 
 
females  10 days overflow 20 days overflow 
species/origin  n1 n2 n3 n4 n1 n2 n3 n4 
Lowlands, I dead/moribund 0 0 0 0 1 0 1 0 
C. auronitens/ vital 10 1 5 4 10 3 5 2 
Lowlands, II dead/moribund 2 0 2 0 0 0 0 0 
C. auronitens/ vital 10 5 4 1 10 2 6 2 
Hilltops dead/moribund 0 0 0 0 1 0 1 0 
C. irregularis/ vital 10 2 7 1 10 0 7 3 
Hilltops dead/moribund 2 0 2 0 6 0 4 2 
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males  10 days overflow 20 days overflow 
species/origin  n1 n2 n3 n4 n1 n2 n3 n4 
C. auronitens/ vital 13 3 5 5  10 1 4 5 
Lowlands, I dead/moribund 0 0 0 0 1 0 1 0 
C. auronitens/ vital 10 7 1 2 10 2 6 2 
Lowlands, II dead/moribund 0 0 0 0 2 0 2 0 
C. auronitens/ vital 10 6 1 3 10 4 3 3 
Hilltops dead/moribund 0 0 0 0 2 0 2 0 
C. irregularis/ vital 10 2 8 0 10 1 8 1 
Hilltops dead/moribund 1 0 1 0 7 0 6 1 
 
!!!Ich habe erst mal die neuen Tabellen eingearbeitet. Kann jederzeitgändert werden!!! (mit Weber klären) 
 
 
 
 
 
Fig. 3.15-1 Concentrations of lactate (mM) in the hemolymph of C. auronitens (population "Brockbüsche" 
from the Westphalian Lowlands) regressed on the number of days the specimens were continuously 
submerged before a drop of hemolymph was taken. Values from 15 females and 11 males were 
pooled; (6) values of 6 animals. Regression line and mean 95 % confidence interval. Regression: b 
= +0.5596; sb = 0.0819; p = 0.0000. - The regression of the concentration of lactate of the other 
populations investigated (not shown) is:  C. auronitens from the Teutoburger Wald: b = +0.2854; sb 
= 0.0744; p = 0.0008; C. irregularis from the Teutoburger Wald: b = +0.4906; sb = 0.02837; p = 
0.0000; n is 26 in each case (females and males pooled). The 95 % confidence intervals of all 
regression coefficients overlap broadly (not shown).  
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4. Discussion 
4.1 Periods of increase of body mass in an individual's life 
Supply and demand determines food availability within the (hypothetical) range of density-dependent 
food shortage (RFS). Demand is determined by the number of individuals and the individual food 
requirement. The latter changes throughout the life of an individual; for instance, during long-term 
dormancy from the end of the spring season i until the beginning of the spring season i+1 the old 
surviving C. auronitens beetles are resting and do not need any food. The periods in an individual's life 
with a high food requirement are evident in Fig. 4.1-1, a plot of the ontogenetic changes of body weight 
of a C. auronitens female against time, starting with the development of the individual egg and finishing 
with the body weight changes during the 2nd reproductive season. There are three periods of weight 
change (i. e. of high food requirement): (1) the period of preimaginal development, (2) the postecdysial 
maturation period during the autumn season and (3) the reproductive season with weight increase due to 
egg production (3a) and fat-body development as preparation for long-term dormancy (3b). As the 
individuals' developmental processes are rather closely synchronized, Fig. 4.1-1 may reflect the changes 
of food demand of the C. auronitens population under study. 
 
 
 
Fig. 4.1-1 Periods of increase of body mass in a female C. auronitens' life till the end of the 2nd reproductive 
season. The curve starts with the period of vitellogenesis and chorion deposition (o), the duration of 
which is taken to be 10 days. For the preecdysial development the time from May 1 to August 15 is 
assumed (107 days), the first 21 days of which are spent on embryonic development (e) and the last 
21 days, on pupal development (p) (each without weight change); thus, larval development (l) is 
considered to last 75 days (taking into account the laboratory breeding data given in Table 3.14-1). 
After ecdysis the period of postecdysial maturation follows (pem), with three intervals of cuticle 
sclerotization (very soft - soft: 10 days; soft - nearly hard: 12 days; nearly hard - hard; 12 days). 
After a winter dormancy of 168 days (d1) the 1st spring season begins. 1st spring season (r1) is 
finished at the end of June. Long-term dormancy of the surviving old females (d2) continues for 281 
days, then at the beginning of April the 2nd reproductive season (r2) starts, and it ends at the end of 
June. - The weight of the ripe egg (12.7 mg ± 3.15 mg) is the mean of 26 eggs. Larvae were not 
weighed. The weight at the end of the preecdysial development is that of a freshly hatched (very 
soft) female. For postecdysial weight development, the values given in Table 3.13-3 (averaged over 
11 female generations; Section 3.13) are used. The lengths of the postecdysial maturation intervals 
are the means of the values given in Table 3.13-2. The weight at the end of the winter and those 
during the 1st and the 2nd reproductive season are the means obtained for the autumn 1993 female 
generation in spring 1994 and spring 1995. Mean weights were calculated for several consecutive 
trapping days. n per mean is between 7 and 113. SD values are marked unilaterally. 
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The food requirements of the adult females for egg production and of the larvae for preimaginal growth 
have already attracted considerable interest in carabid ecology research. In general, the number of eggs 
laid per female is correlated with the amount of food gathered (HEESSEN, 1980; SOTA, 1985 a; JULIANO, 
1986; VAN DIJK, 1994). Of course, not only the quantity but also the quality of food determines the 
reproductive output of a carabid female. VAN DIJK (1996) fed the carabid Bembidion tetracolum with 
blowfly larvae or eggs of the carabid Pterostichus versicolor: females that consume relatively small 
quantities of food containing abundant amino acids (eggs) exhibited a much higher egg production than 
those receiving relatively large quantities of amino-acid-poorer food (blowfly larvae). WALLIN et al. 
(1992) observed that frequent shifts between different kinds of protein-rich food result in a high rate of 
egg laying in the polyphagous carabid beetles Pterostichus cupreus and Pterostichus melanarius (see 
also VERMEULEN & SZYSKO, 1992).  
WALLIN et al. (1992) also observed that within a diet treatment the egg size varied between females of 
similar size in each of the species P. cupreus and P. melanarius: specimens producing the largest number 
laid the smallest eggs. That is, populations of these species should be sensitive to natural selection for the 
r/K alternative (MAY, 1980). Moreover, according to WALLIN et al. (1992) egg weight positively 
influences larval weight immediately after hatching from the egg, as well as survival of larvae starved 
after hatching; moreover, the duration of embryogenesis is shorter in larger than in smaller eggs. 
Consequently, the expectation was fulfilled that with low food input females gave priority to maintaining 
egg size, and reduced egg numbers. A trade-off concerning the number and size of the eggs produced 
was also reported for the sibling species Pterostichus oblongopunctatus (bigger size, smaller numbers) 
and Pterostichus angustatus (smaller size, bigger numbers) (PAARMANN, 1966). ERNSTING & ISAAK 
(2000) found a corresponding relationship between egg size and egg numbers in the carabid Notiophilus 
biguttatus: eggs decreased in size if egg numbers produced by a female increased because of treatments 
with different temperature and light conditions: egg size was explained to a high degree by egg 
production rate. Within treatments, however, rate of egg production and egg size were negatively 
correlated between individual females only to a slight degree.  
Several other variables influence the carabid females' egg production. In P. cupreus the size of the 
female (measured as weight immediately after its hatching) influenced the number of eggs produced: the 
larger a female, the higher the total number of eggs produced; furthermore, a female that had mated with 
two males apparently produced more eggs than a female with only one mate (ABDELGADER, 1996; 
METGE, 1996). In P. cupreus the eggs laid by a female at the start and at the end of a breeding season 
were smaller and were exposed to a higher mortality risk than those laid by the same female in the 
middle of the breeding season (HEIMBACH, unpubl.). For the influence of ambient temperature on 
reproduction and development in carabids see Sections 3.14 and 4.5. 
VAN DIJK & DEN BOER (1992) stressed observations that the mortality of both eggs and larvae of 
P. versicolor and Calathus melanocephalus is enormous under natural conditions. They estimated that 
70-80 % of the eggs are killed by eelworms, and that the mortality of the larvae is about 90%. Mortality 
of P. versicolor larvae remained high, but was significantly reduced when the larvae kept in field 
enclosures were supplied with additional food (blowfly maggots). In both species mortality did not 
depend on density of the larvae, but was high even when larvae were kept separately; thus competition 
for food was excluded as a factor in larval mortality. The authors summarized the situation as follows: 
"larval mortality mainly results from the poor ability of the larvae to find prey under field conditions, 
even when in field experiments prey density is increased far above natural densities" (blowfly maggots 
were offered). However, it should be taken into consideration that the larvae of these beetles are possibly 
not adapted to feed on maggots, and that they are not inefficient in finding prey at all. 
The significance of continuous food supply for larval development has also been stressed by other 
researchers. If larvae of the carabid P. cupreus do not obtain food after hatching from the egg, their mean 
life expectancy is only 8 days, and all larvae die within 14 days; if they are fed for 24 h after hatching 
and then deprived of food, the mean life span is 16 days, and all specimens die within 23 days; only 2 out 
of 24 larvae moulted from the1st to the 2nd instar during this time (laboratory results of METGE, 1996, in 
20 °C ± 2 °C). One can conclude that the developing of carabid larvae depends - at least at relatively high 
ambient temperature - on a continuous food supply that may not be interrupted for some days (cf. also 
THEISS & HEIMBACH, 1993). DELKESKAMP (1930) observed that C. nemoralis larvae do not feed during 
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the first 2-3 days after hatching from the egg, but continue to be nourished by the egg yolk. Thereafter 
they accept food "greedily". 
Moreover, the duration of larval growth and larval and adult body size of carabids are influenced by 
quantity and quality of larval food supply (ERNSTING et al., 1992; THEISS & HEIMBACH, 1993; VAN 
DIJK, 1994; however, see DESENDER, 1989). VAN DIJK (1996) showed in B. tetracolum not only that 
female consumption of food rich in amino acids (carabid eggs) results in high egg production (see 
above), but also that the weights of the different larval stages were distinctly larger if the larvae were fed 
with such eggs. The adult phenotype can vary dramatically depending on larval food supply. For 
example, in the carabid Nebria brevicollis, if food is present in sufficient quantities from the first instar 
on, larval development will be fast, so that the third larval stage will be reached under short-day 
conditions. As a consequence, the emerging adult beetle is able to develop flight muscles (if enough food 
is present during at least three weeks after hatching) (NELEMANS, 1987 b). 
NELEMAN'S (1987 b) findings lead to the consideration of a high food requirement during the 
postecdysial maturation period. In general, the food requirements for postecdysial maturation of teneral 
adults have been less well investigated. MÜLLER (1986) pointed out that adult carabids go through two 
critical periods characterized by an enlarged food requirement: the postecdysial maturation period after 
leaving the pupal chamber and the period of egg production. GRÜM (1973) reported an increase of dry 
body weight by a factor of 2.23 - 5.13 in species of the genera Carabus and Pterostichus during 
postecdysial maturation (Section 3.13). In Arizona teneral adults of Brachinus species profit from 
experimental feeding in the field (increased ratio of body mass to elytron length) (JULIANO, 1986). In C. 
auronitens, as is evident in Fig. 4.1-1, the rate of biomass production is largest during postecdysial 
growth; however, this period is relatively short. We have shown that food intake is absolutely necessary 
in C. auronitens shortly after ecdysis. Freshly hatched beetles deprived of all food died within one to 
three weeks. Moreover, beetles deprived of food for 10 or 14 days and then fed ad libitum once a week 
exhibited slow elytra sclerotization and endocuticle growth, and most of them died in the presence of 
abundant food. The amount of food available determines duration and completeness of the various 
maturation processes (Table 3.13-6; Section 3.14). Clearly, C. auronitens is obligatorily active in search 
of food after ecdysis. We have observed that the duration of postecdysial maturation in the field varied 
between the years of observation (Table 3.13-2), and it is plausible that this was due to differences in 
food supply between the autumn seasons investigated. We got the impression that as a rule the amount of 
potential prey, e.g. the abundance of caterpillars, was lower in the late summer / early autumn than 
during the spring season.  
The preparation for long-term dormancy at the end of the spring season also requires sufficient food 
supply. However, whereas high fecundity depends on protein-rich food, in adult P. melanarius fat 
reserves can be accumulated by intake of carbohydrate-rich food alone (WALLIN et al., 1992). A similar 
observation was reported by SOTA (1984) for the carabid Leptocarabus kumagaii (cf. also LUFF, 1974). 
If it applies to C. auronitens also that food quality is less crucial for developing fat reserves (but see 
Section 3.15), this may explain the observation that the beetles were able to store enough fat for long-
term dormancy in all spring seasons studied, even when the reproduction rate was low because of 
unfavourable temperature conditions (Sections 3.6; 3.7; 4.3). The weight increase at the end of the spring 
season was rather rapid: beetles starved during enforced exclusive tree activity quickly gained weight 
after being released into an enclosure on the ground (Section 3.9).  
In Section 4.2 we shall analyze whether parameters that characterize the "productive" periods in the 
populations under study show any indications of density-dependent changes, i.e. whether the individuals' 
abundances fluctuated within the RFS. 
4.2 Tests for density dependencies of C. auronitens and C. nemoralis 
population parameters 
In the following, linear regression analyses are used to check whether several parameters which 
characterized the population dynamics in the spring season and in the autumn season depended on the 
number of adult individuals present in the enclosure. The underlying hypothesis is that density-dependent 
competition for food was effective. Whether developing larvae competed is tested by regression of 
parameters of reproduction on the number of reproducing females. Independent factors are both the 
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abundances of C. auronitens and C. nemoralis and their sum. Thus, several possible forms of 
competition are considered (cf. Section 1): - (1.1,2) intraspecific competition: (1.1) within the 
C. auronitens population and (1.2) within the C. nemoralis population; - (2.1,2) interspecific 
competition, which may be asymmetrical (see Section 1): (2.1) competition of C. auronitens against C. 
nemoralis; (2.2) competition of C. nemoralis against C. auronitens; - (3.1,2) intra- and interspecific 
competition combined (Table 4.2-1). Some population-dynamic parameters are available only for 
C. auronitens, and in these cases only points 1.1; 2.2 and 3.1 can be tested.  
 
Table 4.2-1 Scheme for testing several possible forms of competition by linear regression: intraspecific 
competition; both cases of interspecific competition, intra- plus interspecific competition. The 
dependent variable is a population-dynamical parameter, measured in both species. 
Independent variables are the abundance of each population and the sum of the abundances of 
both populations (number of females and males pooled {Table 1-1} or number of females only 
{Table 3.2.-5}). 
 
dependent variable independent variable 
(number of individuals) 
C. auronitens C. nemoralis  
C. auronitens 1.1 intraspecific 2.1 interspecific 
 competition ? competition ? 
C. nemoralis 2.2 interspecific 1.2 intraspecific 
 competition? competition ? 
C. auronitens + 3.1 intra- + 3.2 intra- + 
C. nemoralis interspecific interspecific 
 competition ? competition ? 
 
In addition to linear regression we employed curve fittings by SPSS models "logarithmic", "inverse" and 
"exponential". These models give coefficients of determination (r2) and error probabilities (p) very 
similar to those found with the linear model. In some exceptional cases the models "quadratic" and 
"cubic curve fitting" gave a significant result when the linear model did not. These cases were regarded 
as not relevant. 
In order to test for a possible density dependence of reproduction the regression of Bi (number of 
offspring in the autumn i divided by number of females in spring i) on the number of individuals in 
spring i (females plus males; Table 1-1) is calculated. In the case of density dependence of reproduction, 
coefficients smaller than zero would be expected. Interestingly, with one exception the coefficients are 
indeed smaller than zero (Table 4.2-2), and for the C. auronitens series 1982-1998 the deviation from 
zero is weakly significant (p = 0.0934; r2 = 0.1763; Fig. 4.2-1). The abundance of C. auronitens in Table 
1-1 are partly Jolly-Seber estimates (1982-1992), partly censuses (1993-1998); if exclusively Jolly-Seber 
estimates are used (females + males: Table 3.2-5) the following parameters of regression are calculated: 
b = -0.0031; sb = 0.0016; p = 0.0745; r2 = 0.1968; n = 17. If the net reproduction rate in the years 1982 - 
1998 is regressed on the number of females in the respective spring (Table 3.2-5: Jolly-Seber estimates), 
the error probability is smaller than 0.05: b = -0.0063; sb = 0.0029; p = 0.0478; r2 = 0.2365; n = 17. 
There are no hints in Table 4.2-2 that a density dependence of Bi was intensified by interspecific 
interactions. – However, to conclude that there is a (weak) density dependence of reproduction in 
C. auronitens would be hasty: a density dependence seems to have been mimicked by a dependence of 
reproduction on a bad-weather event in May, which was stochastically distributed over the years of 
investigation (cf. Sections 4.3 and 4.4). 
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Table 4.2-2 Linear regression of Bi (Table 3.2-5: assumed sex ratio for C. auronitens in the springs 1982-
1992: 59.5/40.5% {cf. Section 2.7}) on the number of individuals (females and males pooled) 
in the spring i (Table 1-1). n = 17 for the data 1982 - 1998; n = 7 for the data 1992 - 1998. 
 
 reproduction rate in year i (Bi) 
number of females + 
males in spring i 
C. auronitens 
(1982 - 1998) 
C. auronitens 
(1992 - 1998) 
C. nemoralis 
(1992 - 1998) 
C. auronitens b = -0.0029   
(1982 - 1998) sb = 0.0016   
 p = 0.0934   
C. auronitens  b = -0.0025 b = -0.0052 
(1992 - 1998)  sb = 0.0028 sb = 0.0036 
  p = 0.4159 p =0.2096 
C. nemoralis  b = +0.0024 b = -0.0047 
(1992 - 1998)  sb = 0.0055 sb = 0.0078 
  p  = 0.6836 p = 0.5780 
C. auronitens +  b = -0.0008 b = -0.0030 
C. nemoralis  sb = 0.0020 sb = 0.0026 
(1992 - 1998)  p = 0.6969 p = 0.2983 
 
 
 
 
Fig. 4.2-1 Regression of C. auronitens' Bi measured between 1982 and 1998 (Table 3.2-5: assumed sex ratio 
for C. auronitens in the springs 1985-1992: 59.5/40.5%; cf. Section 2.7) on the abundance of the 
C. auronitens population in spring i (females and males pooled: Table 1-1). - Parameters of 
regression: b = -0.0029; sb = 0.0934; r2 = 0.1763 (cf. Table 4.2-2). 
 
If - because of competition at high densities - food is restricted during the spring, egg production should 
be reduced. In C. auronitens, it could be expected that the operational measure of egg production, the 
females' maximum mean weight developed between the 2nd decade of April and the 2nd decade of May 
(Section 3.7), would regress negatively on the abundance. However, neither this mean nor its coefficient 
of variation (CV) were found to regress on the number of individuals (females plus males) in the spring 
(Table 4.2-3; data of the regression analysis of CV not shown).  
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Table 4.2-3 Regression of the maximum mean weight of female and male C. auronitens developed between 
the 2nd decade of April and the 2nd decade of May (Table 3.6-4) on the number of individuals 
present in the respective spring season (females plus males: Table 1-1). For season 1985 - 
1998: n = 14. For season 1992 - 1998: n = 7.  
 
maximum mean weight developed between 
the 1st decade of April and the 2nd decade 
of May 
number of females + males 
females males 
C. auronitens b = -0.0719 b = -0.0323 
1985 - 1998 sb = 0.1097 sb = 0.0420 
 p = 0.5248 p = 0.4571 
C. auronitens b = - 0.0067 b = +0.0272 
1992-1998 sb = 0.1221 sb = 0.0511 
 p = 0.9585 p = 0.6173 
C. nemoralis b = +0.2078 b = +0.1182 
1985 - 1998 sb = 0.2092 sb = 0.0832 
 p = 0.3661 P = 0.2146 
C. auronitens + nemoralis b = +0.0242 b = +0.0281 
1985 - 1998 sb = 0.0822 sb = 0.0334 
 p = 0.7804 p = 0.4394 
 
When the density of the adult females in spring is high, a large number of larvae are expected to be 
produced. As has just been outlined, net reproduction rate and egg production seem not to have been 
density dependent, but size and/or weight of the offspring hatching in the autumn could depend on larval 
density, and thus on the abundance of the reproducing females in spring (Table 3.2-5). Such a density 
dependence of parameters of the young generation could point to intra- and/or interspecific competition 
between the reproducing females and/or between the developing larvae. Indeed, a large variability of 
mean body length and of mean weight was observed in the C. auronitens offspring in the years of 
observation (Table 3.11-4; Table 3.13-3). In the case of mean body length negative coefficients of 
regression are calculated, but they are not significant (Table 4.2-4). - In C. nemoralis the mean body 
length of the young females seemed to significantly depend on the number of reproducing females (Table 
4.2-4). However, as the coefficient is positive, this regression does not point to any competition for food; 
the cause of this density dependence remains unexplained.  
 
Table 4.2-4 Linear regression of the mean body length of the young generation hatched in autumn i (Table 
3.11-8) on the number of females in spring i (Table 3.2-5) . C. auronitens: n = 11 for the data 
1985 - 1998; n = 6 for the data 1992 - 1998 (no data for 1987, 1988 and 1996; Table 3.11-4). 
Assumed sex ratio for C. auronitens in the springs 1985-1992: 59.5/40.5 % (cf. Section 2.7). C. 
nemoralis: n = 7 for the data 1992 - 1998. 
 
mean body size of young generation hatched in autumn i number of females in spring i 
C. auronitens (1985 
- 1998) 
C. auronitens (1992 
- 1998) 
C. nemoralis (1992 
- 1998) 
C. auronitens females b = -0.0015   
(1985 - 1998)  sb = 0.0016   
  p = 0.3745   
 males b = -0.0007   
  sb = 0.0016   
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mean body size of young generation hatched in autumn i number of females in spring i 
C. auronitens (1985 
- 1998) 
C. auronitens (1992 
- 1998) 
C. nemoralis (1992 
- 1998) 
  p = 0.6720   
C. auronitens  females b = -0.0018 b = +0.0046 
(1992 - 1998)   sb = 0.0027 sb = 0.0010 
   p = 0.5380 p = 0.0066 
  males b = 0.0017 b = +0.0019 
   sb = 0.0017 sb = 0.0020 
   p = 0.3799 p = 0.3866 
C. nemoralis  females b = -0.0004 b = +0.0066 
(1992 - 1998)   sb = 0.0049 sb = 0.0026 
   p = 0.9366 p = 0.0530 
  males b = -0.0011 b = +0.0044 
   sb  = 0.0032 sb = 0.0031 
   p = 0.7408 p = 0.2171 
C. auronitens +  females b = -0.0008 b = +0.0029 
C. nemoralis   sb = 0.0018 sb = 0.0007 
(1992 - 1998)   p = 0.6712 p = 0.0109 
  males b = -0.0008 b = +0.0014 
   sb = 0.0012 sb = 0.0012 
   p = 0.4923 p = 0.3008 
 
However, in C. auronitens, there is significant positive regression of CV of body length of young 
females (p < 0.10) and males (p < 0.05) on the abundance of the reproducing females in the spring of the 
respective year (Table 4.2-5; Fig. 4.2-2; r2 = 0.2944 and 0.4036 for the period 1985 - 1998; in our data 
series SD of the body length does not depend on the number of young beetles). It will be shown in 
Sections 4.3 and 4.4 that this regression cannot be reduced to the influence of ambient temperature; but 
there is just as little justification for excluding a determining influence of the temperature. A positive 
dependence of CV of body length on the abundance of the reproducing females would not be 
unexpected, if the larvae compete for food when their density is high: some larvae will obtain enough 
food to develop into large beetles whereas others obtain too little. Then, when density is high, there 
should be not only an increase in CV, but also a decrease in mean body size of the offspring (cf. Section 
3.11). Indeed, as shown above, a negative regression has been calculated for the mean body size, 
although it is not significant (Table 4.2-4). - A corresponding regression was not found in C. nemoralis 
(Table 4.2-5).  
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Table 4.2-5 Linear regression of CV of body length of the young generation hatched in autumn i (Table 
3.11-8) on the number of females in spring i (Table 3.2-5) . C. auronitens: n = 11 for the data 
1985 - 1998; n = 6 for the data 1992 - 1998 (no data for 1987, 1988 and 1996; Table 3.11-4). 
Assumed sex ratio for C. auronitens in the springs 1985-1992: 59.5/40.5 % (cf. Section 2.7). C. 
nemoralis: n = 7 for the data 1992 - 1998.  
 
CV of body length of young generation hatched in autumn i number of females in spring i 
C. auronitens  
(1985 - 1998) 
C. auronitens  
(1992 - 1998) 
C. nemoralis  
(1992 - 1998) 
C. auronitens females b = +0.0056   
(1985 - 1998)  sb = 0.0029   
  p = 0.0846   
 males b = +0.0057   
  sb = 0.0023   
  p = 0.0358   
C. auronitens  females b = +0.0043 b = +0.0002 
(1992 - 1998)   sb = 0.0032 sb = 0.0045 
   p = 0.2500 p = 0.9727 
  males b = 0.0052 b = +0.0039 
   sb = 0.0027 sb =0.0027 
   p = 0.1308 p =0.1990 
C. nemoralis  females b = +0.0034 b = +0.0052 
(1992 - 1998)   sb = 0.0063 sb = 0.0074 
   p = 0.6237 p = 0.5113 
  males b = +0.0063 b = +0.0045 
   sb  = 0.0056 sb = 0.0052 
   p = 0.3260 p = 0.4272  
C. auronitens +  females b = +0.0023 b = +0.0008 
C. nemoralis   sb = 0.0022 sb = 0.0029 
(1992 - 1998)   p = 0.3596 p = 0.7894 
  males b = +0.0031 b = +0.0023 
   sb = 0.0019 sb = 0.0018 
   p = 0.1786 p = 0.2551 
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Fig. 4.2-2 a-b Regression of CV of body length of young C. auronitens females (a) and males (b) (Table 3.11-4) 
on the abundance of the reproducing C. auronitens females in the spring of the respective year for 
the period 1985 - 1998 (Table 3.2-5). Assumed sex ratio in the springs 1985-1992: 59.5/40.5% 
(cf. Section 2.7). - Parameters of regression: females: b = +0.0056; sb = 0.0029; p = 0.0848; r2 = 
0.2941; males: b = +0.0057; sb = 0.0023; p = 0.0358; r2 = 0.4032. See text above and Table 4.2-5 
in this section. 
 
Moreover, in C. auronitens there is a significant regression, in the expected direction, concerning the 
mean absolute weight of the freshly hatched (very soft) females (Table 3.13-3) on the abundance of the 
reproducing females in the respective spring (Table 4.2-6; Fig. 4.2-3). r2 is 0.4501 in females and 0.2473 
in males. Correspondingly, there is a significant regression of the relative mean weight of the freshly 
hatched (very soft) females ("mean weight divided by mean body length of the young female generation, 
mg/mm" ; Table 3.11-5) on the abundance of the reproducing female parents (1982 - 1998: in female 
offspring b = -0.0104; sb = 0.0037; p = 0.0211; r2 = 46.35 {Fig. 4.2-4}; in male offspring b = -0.0078; sb 
= 0.0043; p = 0.1030; r2 = 26.79). As in the case of the density dependence of the reproduction rate 
analyzed above, these regressions seem to have been mimicked by an influence of a bad-weather event in 
May that was stochastically distributed over the years of investigation (cf. Sections 4.3-4.4).  
Behavioural, reproductive and developmental seasonality in Carabus auronitens and Carabus nemoralis 
 Mitt. Biol. Bundesanst. Land- Forstwirtsch. 382, 2001 132 
Table 4.2-6 Linear regression of the mean absolute weight of freshly hatched (very soft) C. auronitens 
females and males (Table 3.13-3) on the abundance of the reproducing females present in the 
spring of the respective year (Table 3.2-5). For season 1985 - 1998: n = 11. For season 1992 - 
1998: n = 6 (no data for 1987, 1988 and 1996). Assumed sex ratio in the springs 1985-1992: 
59.5/40.5% (cf. Section 2.7).  
 
 mean absolute weight 
number of females females  males 
C. auronitens (1985 – 1998) b = -0.2692 b = -0.1759 
 sb = 0.0992 sb = 0.1023 
 p = 0.0238 p = 0.1196 
C. auronitens (1992-1998) b = -0.2596 b = -0.1713 
 sb = 0.1286 sb = 0.1738 
 p = 0.1137 p = 0.3800 
C. nemoralis (1992-1998) b = -0.2770 b = -0.1492 
 sb=0.2802 sb=0.3230 
 p = 0.3789 p = 0.6681 
C. auronitens + C. nemoralis (1992-199) b = -0.1491 b = -0.0936 
 sb = 0.0922 sb = 0.1167 
 p=0.1810 p=0.4675 
 
 
 
 
Figs. 4.2-3 Regression of the mean absolute weight of freshly hatched (very soft) C. auronitens females (Table 
3.13-3) on the abundance of the reproducing females present in the spring of the respective year 
(Table 3.2-5). Assumed sex ratio in the springs 1985-1992: 59.5/40.5% (cf. Section 2.7). - r2 = 
0.4501; see text above and Table 4.2-6.  
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Fig. 4.2-4 Regression of the relative mean weight (mean weight divided by mean body length, mg /mm) of 
freshly hatched (very soft) females (Table 3.11-5) on the abundance of the reproducing 
C. auronitens females in the respective spring (Table 3.2-5). Assumed sex ratio in the springs 1985 
- 1992: 59.5/40.5% (cf. Section 2.7). - Parameters of regression: b = -0.0104; sb = 0.0037; 
p = 0.0211; r2 = 0.4635. See text above in this section.  
 
Interestingly, the spring conditions seem to have produced even more persistent after-effects during the 
postecdysial maturation period: the regressions of the mean absolute weights of soft, nearly hard and 
hard animals on the number of C. auronitens females in the respective spring are negative in all cases, 
and the regression of the weight of both the nearly hard females and nearly hard males are even 
significant (both p < 0.05; Table 4.2-7a). A long-lasting after-effect is also recognizable concerning the 
mean duration of the maturation interval "nearly hard - hard" (consider that the sign is positive as has to 
be expected: Table 4.2-8a). The regressions given in Tables 4.2-7a and 4.2-8a cannot be regressed 
unequivocally on a bad-weather event in May (but again, a determining influence of such an event 
cannot be excluded; cf. Sections 4.3 and 4.4). One could argue that the significant regressions in Table 
4.2-7a and 4.2-8a are not due to influences of spring conditions, but to an influence of the abundance of 
the young animals in the autumn. However, consider that the females' abundance in spring i and the 
abundance of the young in autumn i are not correlated (Section 3.2). Moreover, both the mean absolute 
weights of the maturing animals and the duration of the maturation intervals do not regress on the 
abundance of the young animals (Table 4.2-7b and 4.2-8b; see also below), and the multiple regressions 
on spring and autumn abundances clearly show a dependence of the parameters "weight of the nearly 
hard females and males" and "duration of the maturation interval nearly hard - hard" on the females' 
spring abundance (Tables 4.2-7c and 4.2-8c). - The CV of the weights of maturing C. auronitens and the 
CV of the duration of the maturation intervals (Tables 3.13-2 and 3.13-3) did not depend on the 
abundance of reproducing females in spring (parameters of regression analysis not shown). - Because of 
insufficient data, weight parameters of C. nemoralis' offspring could not be regressed on the number of 
reproducing females in spring. 
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Table 4.2-7 a Regression of the mean absolute weight of maturing C. auronitens (Table 3.13-3) on the 
abundance of the reproducing females in the spring of the respective year (Table 3.2-5; nearly 
hard females: n = 10; hard males: n = 3 {only means averaged over at least 6 individuals are 
considered}; in the other cases: n = 11). Assumed sex ratio in the springs 1985-1992: 
59.5/40.5% (cf. Section 2.7).  
 
state of maturation b sb p r2 
soft females -0.2715 0.1497 0.1030 0.2678 
nearly hard females -0.3729 0.1415 0.0299 0.4647 
hard females -0.3393 0.2268 0.1688 0.1992 
soft males -0.1424 0.1181 0.2586 0.1391 
nearly hard males -0.2383 0.1036 0.0469 0.3704 
hard males -0.0751 0.0911 0.4334 0.0783 
 
 
Table 4.2-7 b Regression of the mean absolute weight of maturing C. auronitens (Table 3.13-3) on the 
abundance of the young animals (cf. Table 4.2-7 a).  
 
state of maturation b sb p r2 
soft females +0.1151 0.0783 0.1759 0.1934 
nearly hard females +0.0356 0.0951 0.7175 0.0173 
hard females +0.1902 0.1093 0.1159 0.2517 
soft males +0.0728 0.0586 0.2459 0.1462 
nearly hard males -0.0429 0.0635 0.5162 0.0483 
hard males +0.0821 0.0443 0.1010 0.3003 
 
 
Table 4.2-7 c Multiple regression of the mean absolute weight of nearly hard C. auronitens females and 
males (Table 3.13-3) on the abundances of the reproducing females in the spring i (I) and the 
young animals in the autumn i (II) (cf. Table 4.2-7 a).  
 
state of maturation  bpart sb p r2mult 
nearly hard females  I -0.3850 0.1575 0.0444  
 II -0.0205 0.0781 0.8002 0.4699 
nearly hard males  I -0.2306 0.1095 0.0684  
 II +0.0259 0.0546 0.6484 0.3876 
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Table 4.2-8 a Regression of the mean duration of postecdysial maturation of C. auronitens (Table 3.13-2; 
only intervals averaged over at least 6 individual recatches are considered) on the abundance of 
the reproducing females in the spring of the respective year (Table 3.2-5). Assumed sex ratio in 
the springs 1985-1992: 59.5/40.5% (cf. Section 2.7).  
 
interval of maturation b sb p r2 n 
mean total duration  +0.0452 0.0508 0.4028 0.1017 9 
mean duration "very soft - soft" -0.0033 0.0121 0.7926 0.0081 11 
mean duration "soft - nearly hard" +0.0108 0.0162 0.5190 0.0387 13 
mean duration "nearly hard - hard" +0.0509 0.0180 0.0224 0.4988 10 
 
 
Table 4.2-8 b Regression of the mean duration of postecdysial maturation of C. auronitens of on the 
abundance of the young animals (cf. Table 4.2-8 a).  
 
interval of maturation b sb p r2 n 
mean total duration  -0.0010 0.0315 0.7608 0.0141 9 
mean duration "very soft - soft" +0.0117 0.0066 0.1082 0.2611 11 
mean duration "soft - nearly hard" -0.0068 0.0096 0.4926 0.0438 13 
mean duration "nearly hard - hard" +0.0017 0.0154 0.9160 0.0015 10 
 
 
Table 4.2-8 c Multiple regression of the mean duration of postecdysial maturation of C. auronitens on the 
abundances of the reproducing females in the spring i (I) and the young animals in the autumn i 
(II) (cf. Table 4.2-7 a).  
 
interval of maturation  bpart sb p r2mult n 
mean duration "nearly hard - hard" I +0.0517 0.0194 0.0325  10 
 II -0.0030 0.0118 0.8045 0.5034  
 
As was mentioned in Section 2.7, for the springs 1982 - 1992 the mean sex ratio is assumed to have been 
the same as was observed on average in the springs between 1993 and 1999 (59.5/40.5%). However, it is 
possible that between 1993 and 1999 the C. auronitens spring population was superannuated and, as the 
survival probability of the females is somewhat larger than that of the males (Table 3.2-3), the sex ratio 
could have been shifted in favor of the females. If we suppose less biased sex ratios of 55%/45% and 
57.5/42.5% between 1982 and 1992, so that the number of females was slightly lower in this period (and 
reproduction rates slightly higher), nearly identical density dependencies of the parameters of 
reproductive success ("net reproduction rate", "coefficient of variation of the body length of the 
offspring", "absolute mean weight of the freshly hatched animals" and "relative mean weight of the 
freshly hatched animals, mg/mm") are calculated (Table 4.2-9). Thus, the density dependencies 
calculated above are robust against a miss-estimation of the sex ratio in the springs between 1982 - 1992. 
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Table 4.2-9 Test for robustness of the calculated density dependencies of the parameters of reproductive 
success against a mis-estimation of the sex ratio in the springs between 1982 - 1992. Sex ratios 
of 55/45% and of 57.5/42.5% are assumed for the springs 1982 - 1992; the sex ratios for the 
springs 1992-1998 are unchanged (cf. Section 2.7). Bi is regressed on the number of 
C. auronitens females plus males and on the number of the females in spring i. The parameters 
"coefficient of variation of the body length of the offspring", "absolute mean weight of the 
freshly hatched animals", and "relative mean weight of the freshly hatched animals" are 
regressed on the number of reproducing females in spring. The density dependence of Bi, of the 
absolute mean weight of the freshly hatched (very soft) animals and of the relative mean weight 
of the freshly hatched animals (mg/mm) seemed to be mimicked by ambient temperature. 
Whether also the density dependence of CV of body length of the offspring is mimicked is 
questionable (cf. Sections 4.3 and 4.4). For an assumed sex ratio of 59.5/40.5% between 1982 
and 1992 see Table 4.2-2 and Fig. 4.2-1; Table 4.2-5, Fig. 4.2-2; and Table 4.2-6, Fig. 4.2-3, 
and Fig. 4.2-4.  
 
assumed sex ratio of 55%/45% in springs 1982 - 1992 b sb p n 
Bi regressed on the number of females plus males -0.0031 0.0016 0.0807 17 
Bi regressed on the number of females -0.0065 0.0031 0.0540 17 
coefficient of variation of the body length of the offspring     
female offspring +0.0064 0.0030 0.0574 11 
male offspring +0.0063 0.0024 0.0253 11 
absolute mean weight of the freshly hatched animals     
female offspring -0.2996 0.0997 0.0148 11 
male offspring -0.2028 0.1044 0.0841 11 
relative mean weight of the freshly hatched animals (mg/mm)     
female offspring -0.0115 0.0040 0.0140 11 
male offspring -0.0090 0.0044 0.0716 11 
assumed sex ratio of 57.5%/42.55% in springs 1982 – 1992 b sb p n 
Bi regressed on the number of females plus males -0.0029 0.0016 0.0871 17 
Bi regressed on the number of females -0.0063 0.0030 0.0497 17 
coefficient of variation of the body length of the offspring     
female offspring +0.0060 0.0029 0.0682 11 
male offspring +0.0060 0.0023 0.0288 11 
absolute mean weight of the freshly hatched animals     
female offspring -0.2810 0.0978 0.0184 11 
male offspring -0.1878 0.1017 0.0978 11 
    relative mean weight of the freshly hatched animals (mg/mm) by 
mean body length of the young generation     
female offspring -0.0108 0.0037 0.0174 11 
male offspring -0.0083 0.0043 0.0851 11 
 
If larval food is limited when numerous larvae are developing, a delay of larval development and thus a 
late start of the hatching season can be expected. We predict that if there were density-dependent 
competition amongst the developing larvae, a positive regression of the 25 % mark of the curve of the 
cumulative number of individual first catches (CNF) in the autumn season (Figs. 3.12-2, 3.12-3, 3.12-4 
and 3.12-5) on the number of reproducing females would be found: the higher the number of larvae, the 
more their development should be delayed. However, all coefficients were negative, albeit not 
significantly (Table 4.2-10). - The linear regression of the 50% mark of CNF yields similar results - with 
one exception: the 50% mark of the CNF of the young C. nemoralis males regresses with p = 0.0661 on 
the abundance of C. auronitens females in spring. Nevertheless, this regression does not point to any 
interspecific competition, as the coefficient of regression is negative (b = -0.1425; sb = 0.0503; n = 5). - 
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Neither did the number of young C. auronitens and C. nemoralis influence the 25% and 50% mark of 
CNF of the young beetles in the autumn (not shown).  
 
Table 4.2-10 Linear regression of the 25% mark of CNF in the autumn season i (the serial number of the 
trapping day on which the 25% mark of the CNF was crossed; data between 1992 and 1998 are 
considered; data are plotted in Figs. 3.12-2, 3.12-3, 3.12-4 and 3.12.5) on the number of 
reproducing females in spring i (Table 3.2-5). n = 6 (autumn season 1966 omitted because of 
small numbers; in case of C. nemoralis males n = 5 (autumn 1997 additionally omitted because 
only 3 specimens were trapped).  
 
 25% mark of CNF 
 C. auronitens C. nemoralis 
number of females females males females males 
C. auronitens b = -0.0618 b = -0.0255 b = -0.0377 b = -0.0296 
 sb = 0.0490 sb = 0.0461 sb = 0.0320 sb = 0.0280 
 p = 0.2754 p = 0.6093 p = 0.3043 p = 0.3675 
C. nemoralis b = -0.0697 b= -0.0231 b = -0.0620 b = -0.0800 
 sb = 0.0928 sb = 0.0810 sb = 0.0555 sb = 0.0346 
 p = 0.4940 p = 0.7896 p = 0.3262 p = 0.1040 
C. auronitens + C. nemoralis  b = -0.0361 b = -0.0141 b = -0.0248 b = -0.0242 
 sb = 0.0330 sb = 0.0302 sb = 0.0207 sb = 0.0166 
 p = 0.3356 p = 0.6658 p = 0.2967 p = 0.2401 
 
In order to test for a density dependence of the survival probability of specimens active in spring i, the 
survival rate of the generation i-1 from spring i to spring i+1 is regressed on the number of individuals in 
the spring season i. If abundance influenced the survival probability, one would expect a negative 
regression coefficient. However, both positive and negative coefficients were calculated and in no case 
did the coefficient significantly deviate from zero (Table 4.2-11).  
Table 4.2-11 Linear regression of the survival rate of the generation i-1 from spring i to spring i+1 (females 
and males pooled; Tables 3.2-1 and 3.2-2) on the number of individuals in the spring season i 
(Table 1-1) . n = 5 in each case.  
 
 survival rate (%) 
number of females + males C. auronitens  C. nemoralis  
C. auronitens b = +0.0120 b = +0.0077 
 sb = 0.0166 sb = 0.0360 
 p = 0.5210 p = 0.8454 
C. nemoralis b = -0.0129 b = -0.0368 
 sb = 0.0343 sb = 0.0644 
 p = 0.7318 p = 0.6078 
C. auronitens + C. nemoralis  b = +0.0042 b = -0.0013 
 sb = 0.0123 sb = 0.0245 
 p = 0.7556 p = 0.9603 
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A finding that parameters of reproduction and survival are independent of abundance does not exclude 
density dependence of behaviour and weight development. For example, it seems possible that a density-
dependent food shortage in spring is compensated by a prolonged spring season and/or by a higher 
activity level of the individuals. We tested the regression of the 75% mark of the cumulative number of 
individual last catches (CNL) in the spring i on the number of individuals in the spring i. In the case of a 
density dependence one would expect positive coefficients: the higher the number of individuals, the 
higher the serial number of the trapping day when the 75% mark is crossed for the first time (cf. Section 
2.5). However, several coefficients are negative, and in no case does a coefficient deviate significantly 
from zero (Table 4.2-12).  
 
Table 4.2-12 Regression of the 75% mark of CNL in spring i (the serial number of the trapping day on which 
the 75% mark of the CNL was crossed) (data plotted in Figs. 3.3-3 and 3.3-4) on the number of 
individuals in spring i (Table 1-1). n = 5 in case of the C. nemoralis males (male sample for 
spring 1998, containing only 4 specimens, is omitted), in the other cases n = 6.  
 
 75% mark of CNL 
 C. auronitens C. nemoralis 
number of females + males females males females males 
C. auronitens b = +0.0028 b = -0.0114 b = +0.0015 b = +0.0091 
 sb = 0.01639 sb = 0.0275 sb = 0.0285 sb = 0.0314 
 p = 0.8732 p = 0.6999 p = 0.9616 p = 0.7916 
C. nemoralis b = -0.0178 b = -0.0291 b = +0.0429 b = -0.0552 
 sb = 0.0289 sb = 0.0496 sb = 0.0479 sb = 0.0538 
 p = 0.5723 p = 0.5882 p = 0.4209 p = 0.3805 
C. auronitens + C. nemoralis  b = -0.0112 b = -0.0091 b = +0.0064 b = -0.0026 
 sb = 0.0111 sb = 0.0184 sb = 0.0190 sb = 0.0223 
 p = 0.9242 p = 0.6463 p = 0.7512 p = 0.9151 
 
Table 4.2-13 Regression of the mean (standardized) individual trapping rate in spring i (Table 3.4-1) on the 
number of individuals in spring i (Table 1-1). Spring seasons 1993 - 1998 are considered; 
exception: in the case of C. nemoralis males, the rate for 1998 is omitted (see text). n = 6 (n = 
5).  
 
 trapping rate 
 C. auronitens C. nemoralis 
number of females + males females males females males 
C. auronitens b = -0.0010 b = -0.0025 b = -0.0104 b = -0.0048 
 sb = 0.0017 sb = 0.0027 sb = 0.0049 sb = 0.0032 
 p = 0.5835 p = 0.4066 p = 0.1030 p = 0.2321 
C. nemoralis b = -0.0021 b = -0.0017 b = -0.0245 b = -0.0131 
 sb = 0.0031 sb = 0.0054 sb = 0.0050 sb = 0.0035 
 p = 0.5305 p = 0.7643 p = 0.0080 p = 0.0343 
C. auronitens + C. nemoralis  b = -0.0007 b = -0.0014 b = -0.0080 b = -0.0040 
 sb = 0.0011 sb = 0.0019 sb = 0.0027 Sb = 0.0019 
 p = 0.5475 p = 0.5071 p = 0.0412 p = 0.1192 
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Above we have shown that the operational measure of egg production, the maximum mean weight in 
C. auronitens developed between the 2nd decade of April and the 2nd decade of May, did not regress on 
the number of individuals (Table 4.2-3). Later in the spring season the weight development no longer 
reflects egg production (cf. Section 3.7), but serves as preparation for the long-term dormancy period (cf. 
Sections 3.6 and 3.15). To check the possibility that a food shortage caused by high density would result 
in a lower individual weight at the end of the spring season, the maximum mean weight developed in the 
3rd decade of May or in June (Table 3.6-4) is regressed on the number of individuals. As expected in the 
case of density dependence, the regression is negative for C. auronitens females and males in the series 
1985 - 1998, but again it is far from significant (Table 4.2-14). - Also the CV of the maximum weight at 
the end of the spring season does not regress on the number of individuals (not shown).  
 
Table 4.2-14 Regression of the maximum mean weight of female and male C. auronitens developed in the 
3rd decade of May or in June (Table 3.6-4) on the number of individuals present in the 
respective spring (Table 1-1). For season 1985 - 1998: n = 14. For season 1992 - 1998: n = 7.  
 
 maximum mean weight developed in the 3rd 
decade of May or June 
number of females + males females  males 
C. auronitens (1985 – 1998) b = -0.0503 b = -0.0322 
 sb = 0.0794 sb = 0.0432 
 p = 0.5384 p = 0.4705 
C. auronitens (1992-1998) b = +0.0387 b = +0.0897 
 sb = 0.0687 sb = 0.0503 
 p = 0.5977 p = 0.1347 
C. nemoralis (1985 – 1998) b = +0.0552 b = +0.0713 
 sb = 0.1306 sb = 0.1163 
 p = 0.6900 p = 0.5664 
C. auronitens +nemoralis (1985 – 1998) b = +0.0251 b = +0.0507 
 sb = 0.0468 sb = 0.0373 
 p = 0.6149 p = 0.2325 
 
In Section 3.6 it has been shown that in some years the mean weight of C. auronitens females and males 
decreased in the early spring season (after the winter resting places had been left), before it increased to 
the maximum that reflected egg production. The question arises whether this decrease is due to food 
shortage by competition. To check this possibility the minimum mean weight observed between the 1st 
decade of April and the 2nd decade of May (Table 3.6-3) was regressed on the number of individuals 
present in the respective spring season. As would be expected in the case of a density dependence, all 
coefficients of regression are negative, but they do not significantly deviate from zero (Table 4.2-15a). 
Section 4.4, however, will present some evidence that a density-dependent effect nevertheless seems to 
have influenced (the females') weight development in the early spring. There is no indication in Table 
4.2-15a that a competition for food, if it was effective at all, was intensified by interspecific interactions. 
In order to check this result we regressed the minimum weight developed by C. auronitens females and 
males between the 1st decade of April and the 2nd decade of May on the maximum trapping rates per 
night per season, which are taken to be an operational measure of abundances in the spring seasons 
(Table 3.1-1; cf. text in Section 3.1). Thus we are able to check for an interspecific density-dependent 
influence over the series 1985 - 1998 (Table 4.2-15b). Again, no sign of interspecific competition was 
found. Indeed, the coefficients of regression are negative, but the error probabilities of the regression on 
the sum of the trapping rates of C. auronitens and C. nemoralis are only slightly smaller (and in no case 
significant) than the error probabilities of the regression of the minimum weight on the maximum 
trapping rate of C. auronitens only (respectively, the coefficients of determination are only slightly 
higher, not shown). - The CV of the minimum weight in the early spring season also does not regress 
significantly, but again the sign of the coefficient of regression corresponded to the expectation insofar as 
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it is positive in both sexes: in females b = +0.0064; sb = 0.0042; p = 0.1557; in males b = +0.0037; sb = 
0.0031; p = 0.2525 (regression on the number of C. auronitens specimens; for 1985-1998: n = 14). 
 
Table 4.2-15 a Regression of the minimum mean weight of female and male C. auronitens developed between 
the 1st decade of April and the 2nd decade of May (Table 3.6-3) on the number of individuals 
present in the respective spring. For season 1985 – 1998: n = 14. For season 1992 – 1998: n = 
7. In this period the minimum mean weight of females and males was observed in a decade of 
April. 
The independent variable in the table is the number of individuals (females + males) as listed in 
Table 1-1. - If the females' minimum weight is regressed on the numbers of females (Table 3.2-
5: seasons 1985-1998; n = 14) the following parameters of regression are calculated: b = -
0.2624; sb = 0.1647; p = 0.1372; n = 14. 
 
 minimum mean weight observed between the 1st 
decade of April and the 2nd decade of May  
number of females + males females males 
C. auronitens (1985 – 1998) b = -0.1265 b = -0.0290 
 sb = 0.0872 sb = 0.0358 
 p = 0.1728 p = 0.4335 
C. auronitens (1992-1998) b = -0.0839 b = -0.0040 
 sb = 0.0886 sb = 0.0474 
 p = 0.3869 p = 0.9355 
C. nemoralis (1992 – 1998)  b = -0.1552 b = -0.0246 
 sb = 0.1664 sb = 0.0882 
 p = 0.3940 p=0.7917 
C. auronitens + nemoralis (1992 – 1998) b = -0.0590 b = -0.0051 
 sb = 0.0597 sb = 0.0321 
 p = 0.3683 p = 0.8805 
 
Table 4.2-15 b Regression of the minimum mean weight of female and male C. auronitens developed between 
the 1st decade of April and the 2nd decade of May (Table 3.6-3) on the number of individuals 
present in the respective spring. For season 1985 – 1998: n = 14. For season 1992 – 1998: n = 
7. In this period the minimum mean weight of females and males was observed in a decade of 
April. 
The independent variable is the maximum trapping rate per night in the respective season 
(Table 3.1-1), which is taken to be an operational measure of abundance (cf. Section 3.1).  
 
 minimum mean weight observed between the 1st 
decade of April and the 2nd decade of May  
maximum trapping rate per night per season females males 
C. auronitens (1985 – 1998) b = -0.2113 b = -0.0423 
 sb = 0.1737 sb = 0.0708 
 p = 0.2471 p = 0.5607 
C. nemoralis (1985 – 1998) b = -0.6241 b = -0.2773 
 sb = 0.4535 sb = 0.1727 
 p = 0.1939 p = 0.1344 
C. auronitens +nemoralis (1985 – 1998) b = -0.1799 b = -0.0490 
 sb = 0.1327 sb = 0.0538 
 p = 0.2002 p = 0.3797 
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For C. nemoralis weight measurements are available from spring season 1994 (high abundances) and 
1996 (total individual number lower by 56%; Table 1-1). Unexpectedly, the weight of females and males 
was lower at the end of the spring season 1996 than at the end of the spring season 1994 (Fig. 3.6-1): this 
was possibly due to low temperatures in spring 1996 (cf. Section 4.3).  
In the case of C. nemoralis it is tested whether the percentage of surviving old beetles active during the 
autumn season i depended on the number of individuals active during spring season i. If density-
dependent food shortage occurred during spring, a positive regression of the number of beetles becoming 
active during the autumn on the abundance in the spring could be expected. However, the regression 
coefficients are negative (not significantly) (Table 4.2-16). 
 
Table 4.2-16 Linear regression of the percentage of old individuals of C. nemoralis (females and males 
pooled) that were active in the autumn season i on the number of individuals in spring i. Data 
calculated from Table 3.2-2 and Table 3.12-2. n =6. 
 
number of females + males % of old specimens active 
in the autumn 
C. auronitens b = -0.0020 
 sb = 0.0510 
 p = 0.9710 
C. nemoralis b = -0.0921 
 sb = 0.0817 
 p = 0.3226 
C. auronitens + C. nemoralis  b = -0.0133 
 sb = 0.0338 
 p = 0.7136 
 
In summary, these thorough analyses do not reveal distinct negative density-dependent effects in the 
spring seasons - although in the years of observation the number of individuals fluctuated considerably 
(by a factor of 3.13 in the case of the pooled species' abundances between 1992 and 1998; by a factor of 
2.56 for the C. auronitens' abundances between 1982 and 1998: Table 1-1). Some density dependencies 
described above are mimicked by ambient temperature as will be shown in Sections 4.3 and 4.4. At most, 
in C. auronitens a rather moderate density-dependent competition for food occurred in the early spring 
(cf. Section 4.4); but such shortages seemed to be regularly compensated by the availability of abundant 
food later in the spring season (cf. Section 3.6).  
The question arises whether any density dependence is demonstrable for the autumn seasons in which the 
numbers of individuals in the Carabus assemblage fluctuated extremely (between 1992 and 1998 by a 
factor of 38.8: Table 1-1). Because of a rather sensible reaction of the postecdysial development of 
C. auronitens to food limitation (Section 3.13), density-dependent effects of food shortage were 
especially expected in the autumn season.  
In the case of a density dependence of the survival probability of the young generation from autumn i to 
spring i+1 a negative regression would be expected. Negative coefficients are found for C. auronitens but 
not for C. nemoralis; and only one of the C. auronitens coefficients is weakly significant (Table 4.2-17).  
In C. auronitens the duration of the elytra sclerotization process and the postecdysial weight increase 
during this process have been measured for several seasons (Table 3.13-2 and 3.13-3). If young 
specimens compete for food, one would expect (1) a positive regression of the duration of elytra 
sclerotization on the number of individuals, and (2) a negative regression of the weight increase during 
the postecdysial sclerotization process on the number of individuals.  
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Table 4.2-17 Linear regression of the survival rate (%) of the young individuals (females and males pooled) 
from autumn i until spring season i+1 (Tables 3.2-1 and 3.2-2) on the number of individuals in 
the autumn i (Table 1-1). n is 5 in the case of C. auronitens and 6 in the case of C. nemoralis 
(generation A'95 is omitted in both species because of a high mortality, which was probably 
artificially enlarged, cf. Section 2.7; no young C. auronitens specimens were trapped in autumn 
1996).  
 
 survival rate 
number of females + males C. auronitens C. nemoralis  
C. auronitens b = -0.0130 b = +0.0285 
 sb = 0.0064 sb = 0.0144 
 p = 0.1357 p = 0.1202 
C. nemoralis b = -0.0258 b = +0.0214 
 sb = 0.0129 sb = 0.0451 
 p = 0.1407 p = 0.6592 
C. auronitens +  b = -0.0099 b = +0.0173 
C. nemoralis sb = 0.0041 sb = 0.0120 
 p = 0.0964 p = 0.2218 
 
However, concerning (1) (Table 3.13-2), neither the duration of the postecdysial sclerotization process 
(total duration and duration of the single intervals distinguished) nor the CV of these parameters 
regressed significantly on the number of young individuals hatched in the autumn season (Table 4.2-18 
for the mean duration from state "nearly hard" to state "hard"; the other analyses are not shown). 
 
Table 4.2-18 Linear regression of the mean duration of the sclerotization process from state "nearly hard" to 
state "hard" in C. auronitens (Table 3.13-2: females and males pooled) on the number of young 
individuals hatched in the respective autumn season (Table 1-1). 1985 - 1998: n = 10; 1992 - 
1998: n = 5. Only intervals averaged over at least 6 individual recatches are considered. 
Parameters for C. auronitens 1985 - 1998 are taken from Table 4.2 - 8b.  
 
number of females + males mean duration 
C. auronitens (1985-1998) b = +0.0017 
 sb = 0.0155 
 p = 0.9160 
C. auronitens (1992-1998) b = +0.0026 
 sb = 0.0340 
 p = 0.9433 
C. nemoralis (1992-1998) b = -0.0300 
 sb = 0.0517 
 p = 0.6026 
C. auronitens + C. nemoralis (1992-1998) b = -0.0041 
 sb = 0.0228 
 p = 0.8683 
 
It is consistent with these results that the 75% mark of CNL also does not suggest any density-dependent 
influences in C. auronitens and C. nemoralis (Table 4.2-19). Remarkably, in the case of the 75% mark of 
the CNL of C. auronitens females the coefficient of regression is significantly negative (however, a 
positive coefficient has to be expected in case of density dependence operating by food shortage). (2) 
Also the total weight increase during the postecdysial sclerotization process and the females' and males' 
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mean weights measured in the maturation intervals that were distinguished (Table 3.13-3) did not regress 
significantly on the number of young individuals (see Tables 4.2-7b and Table 4.2-20). - Concerning CV 
of the weights, in one case (CV of the hard males' weight) a negative regression was observed (b = -
0.0251; sb = 0.0090; p = 0.0236; r2 = 0.4930; n = 10 {the 1991 value is omitted because of a small 
number of males weighed in the state hard}), but this is probably not relevant as a positive regression 
would be expected if a density-dependent factor were operating.  
 
Table 4.2-19 Regression of the 75 % mark of CNL in the autumn i (the serial number of the trapping day on 
which the 75% mark was crossed; data diagrammed in Figs. 3.12-4 and 3.12-5) on the number 
of young individuals in autumn i (Table 1-1). n = 6 (autumn season 1996 omitted because of 
small numbers); in the case of C. nemoralis males n = 5 (male stock of autumn 1997, with only 
3 specimens trapped is also omitted).  
 
 75 % mark of CNL 
 C. auronitens   C. nemoralis   
number of females + males females males females males 
C. auronitens b = -0.0439 b = +0.0789 b = -0.0081 b = -0.0247 
 sb = 0.0186 sb = 0,0402 sb = 0.0251 sb = 0.0405 
 p = 0.0774 p = 0.1209 p = 0.7636 p = 0.5851 
C. nemoralis b = -0.1075 b= +0.1125 b = -0.0400 b = -0.0860 
 sb = 0.0275 sb = 0.1041 sb = 0.0495 sb = 0.0846 
 p = 0.0174 p = 0.3408 p = 0.4638 p = 0.3840 
C. auronitens + C. nemoralis  b = -0.0347 b = +0.0532 b = -0.0087 b = -0.0222 
 sb = 0.0109 sb = 0.0301 sb = 0.0176 sb = 0.0288 
 p = 0.0331 p = 0.1522 p = 0.6457 p = 0.4973 
 
Table 4.2-20 Linear regression of total weight increase (%) in C. auronitens females and males during 
postecdysial maturation (Table 3.13-3) on the number of young individuals hatched in the 
respective autumn season. (Table 1-1). No data for 1987, 1988 and 1996. 1985 - 1998. 
Females: n = 11; males n = 10 (the value of 1991 is omitted because of a small number of 
males weighed in the state hard); 1992 - 1998: n = 6 .  
 
 total weight increase (%) 
number of females + males females males  
C. auronitens (1985-1998) b = -0.0030 b = -0.0361 
 sb = 0.0266 sb = 0.0296 
 p = 0.9118 p = 0.2575 
  C. auronitens (1992-1998) b = +0.0411 b = -0.0306 
 sb = 0.0274 sb = 0.0427 
 p = 0.2082 p = 0.5127 
C. nemoralis (1992-1998) b = +0.0835 b = -0.1325 
 sb = 0.0586 sb = 0.0685 
 p = 0.2276 p = 0.1253 
C. auronitens + C. nemoralis (1992-1998) b = +0.0306 b = -0.0309 
 sb = 0.0191 sb = 0.0284 
 p = 0.1842 p = 0.3384 
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In summary, the data sets give no evidence of clear density-dependent processes due to competition for 
limited food in the assemblage of the co-existing C. auronitens and C. nemoralis populations under 
study; that is, neither intraspecific nor interspecific competition for food was unequivocally 
demonstrable. It seems that the densities observed in the spring seasons (up to 827 individuals on an area 
of 0.2 ha in 1995) and in the autumn seasons (up to 700 individuals in 1993, Table 1-1) were below the 
range of density-dependent food shortage (RFS) (cf. also Sections 4.3 - 4.5).  
4.3 Temperature as key factor in reproductive success 
Net reproduction rates Bi of the C. auronitens population under study varied widely throughout the years 
of observation: from 0.02 to 3.11 between 1982 and 1998; and in C. nemoralis from 4.24 to 0.17 between 
1992 and 1998 (Table 3.2-5). In Section 4.2 it has already been noted that temperature in the spring 
season had a major influence on the reproductive success of C. auronitens and was probably the real 
cause of the apparent negative density dependence of both Bi and body weight of the offspring.  
ALTHOFF et al. (1994) and Niehues et al. (1996) found that Bi in the C. auronitens population under 
study was positively correlated with the averaged daily mean temperature (ADMT) in the month of May 
between 1982 and 1995, whereas the temperature in April did not seem to influence net reproduction 
rate. Including the rate in the year 1996 HOCKMANN et al. (1998) calculated an even more decisive 
(positive) influence of the ADMT in the 2nd decade of May: r2 was 0.74 (see also GIERS-TIEDTKE et al., 
1998). MALTE PRIGGE (Table 2-4) screened the months of May and June for a variable period, the 
ADMT of which influenced Bi most strongly. Including the rates of 1997 and 1998 and using the net 
reproduction rates reported in Table 3.2-5 (assumed sex ratio between 1982 and 1992: 59.5/40.5%) he 
detected that the coldest of the seven 17-day periods, starting on May 9 at the earliest and May 15 at the 
latest, influenced net reproduction the most (on the basis of the linear regression model; Fig. 4.3-1):  
 
1982 - 1998: rs = +0.8798; p = 0.000 
b = +0.2997; sb = 0.0620; p = 0.0002; r2 = 0.6088; n = 17 
(other regression models yield just the same significance) 
 
ADMT in PRIGGE'S critical period influenced net reproduction rate more strongly than ADMT in the 2nd 
decade of May, which - assuming the same sex ratio - determined 50.76% of the variability of net 
reproduction between 1982 - 1998 (rs = +0.6548; p = 0.004; b = 0.2045; sb = 0.0520; p = 0.0013).  
 
 
 
Fig. 4.3-1 Dependence of Bi of the C. auronitens population under study between 1982 and 1998 on ADMT in 
Prigge's critical period in May (Table 3.2-5). - rs = +0.8798 with p = 0.000; b +0.2997 with sb = 
0.0620 and p = 0.0002; r2 = 0.6087. 
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Thus, at first sight it seems that the dependence of net reproduction rate on ADMT in May is somewhat 
weaker than has previously been reported (NIEHUES et al., 1996, HOCKMANN et al., 1998). It could be 
inferred that this is a consequence of the female-biased sex ratio of 59.5/40.5% supposed for the years 
1982 - 1992 when the enclosure was not beetle-proof (NIEHUES et al., 1996; HOCKMANN et al., 1998; 
took as a basis a sex ratio of 50.0/50.0%). Assuming less strongly female-biased sex ratios between 1982 
and 1992 (see Sections 2.7 and 4.2), PRIGGE examined the same critical period in May; and, indeed, a 
somewhat higher temperature dependence of net reproduction rates was calculated: 
 
sex ratio 55.0/45.0%: rs = 0.8798; p = 0.000 
 b = +0.3163; sb = 0.0621; p = 0.0001; r2 = 0.6334 
sex ratio 57.5/42.5%: rs = +0.8798; p = 0.000 
 b = +0.3063; sb = 0.0620; p = 0.0002; r2 = 0.6194 
 
Moreover, it could be argued that the estimates of abundances are subject to certain systematic errors, 
which unfortunately differed between the series 1982 - 1991 and 1992 - 1998, especially concerning the 
estimates of the abundances of the freshly hatched animals (i.e. the autumn abundances; see Section 2.7). 
Therefore, we calculated the dependence of net reproduction rate on the temperature in PRIGGE'S critical 
May period separately for the series 1982 - 1991 and 1992 - 1998:  
 
1982 - 1991: rs = 0.9240; p = 0.000 
 b = +0.2832; sb = 0.0541; p = 0.0008; r2 = 0.7740; n = 10 
1992 - 1998: rs = 0.8214; p = 0.023 
 b = +0.3268; sb =0.1447; p = 0.0735; r2 = 0.5049; n = 7 
 
Thus, it could be that in 1992 - 1998 temperature dependence of net reproduction rate was lower than in 
1982 - 1991. However, when the analysis of temperature dependence is restricted to the short sequence 
from 1993 until 1998, for which the number of individuals and thus net reproduction rate were estimated 
strictly by the same method (cf. Section 2.7), again a high temperature dependence of net reproduction is 
calculated:  
 
rs = 0.7714; p = 0.072 
b = 0.5186; sb = 0.1660; p = 0.0352; r2 = 71.01; n = 6 
 
These results demonstrate that the observed positive dependence of reproduction upon ADMT in a 
critical period in the month of May is not due to an error of estimating abundances, but that temperature 
in this period was indeed a key factor in the reproduction of C. auronitens. Remarkably, ADMT in 
PRIGGE'S critical period was also a key factor for net reproduction in C. nemoralis (see below). No other 
abiotic factors are known to influence the fluctuations of reproduction in C. auronitens and C. nemoralis 
(for the mimicked dependence of Bi on abundance of individuals cf. Section 4.4).  
In Section 4.2 it has been shown that in C. auronitens the parameters "absolute mean weight of the 
freshly hatched (very soft) females" (Table 4.2-6; Fig. 4.2-3) and "relative mean weight of the freshly 
hatched (very soft) females, mg/mm" (Fig. 4.2-4) also regressed significantly on the number of 
reproducing females. Interestingly, these parameters too were highly significantly influenced by the 
temperature in PRIGGE'S critical period of May (as expected, with the opposite sign: Table 4.3-1; Figs. 
4.3-2 a, b and 4.3-3).  
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Table 4.3-1 Linear regression of several parameters of C. auronitens individuals hatched in the autumn i on 
the temperature in PRIGGE'S critical period of May i. Mean absolute hatching weight and CV of 
the hatching weight of (very soft) females and males: Table 3.13-3; relative mean hatching 
weight {mg / mm} of (very soft) females and males: Table 3.11-5; mean body length and CV 
of the body length of the young females and males: Table 3.11-4; absolute mean weight of 
nearly hard females and males: Table 3.13-3; mean duration of the maturation interval "nearly 
hard - hard": Table 3.13-2.  
 
parameters of young C. auronitens b sb p r2 n 
mean absolute hatching weight of females +13.0383 2.5711 0.0007 0.8607 11 
mean absolute hatching weight of males +11.0615 2.4931 0.0016 0.6886 11 
CV of abs. mean weight of very soft females -0.3229 0.4070 0.4480 0.0654 11 
CV of abs. mean weight of very soft male +0.0751 0.6236 0.9068 0.0016 11 
rel. mean weight of very soft females (mm/mg) +0.4841 0.1056 0.0013 0.7000 11 
 rel. mean weight of very soft males (mm/mg) +0.4815 0.1021 0.0011 0.7120 11 
mean body length of young females +0.1066 0.0548 0.0835 0.5442 11 
mean body length of young males +0.0494 0.0604 0.4343 0.2632 11 
CV of body length of young females -0.2281  0.1066 0.0610 0.3373 11 
CV of body length of young males -1.8266  0.7673 0.0412 0.3864 11 
absol. mean weight of nearly hard females +12.1842 5.3782 0.0533 0.3908 10 
absol. mean weight of nearly hard males +9.0443 3.8972 0.0454 0.3744 11 
mean duration of interval "nearly hard - hard" -1.6141 0.8038 0.0795 0.3351 10 
 
Moreover, whilst the absolute hatching weight of the males does not regress significantly on the number 
of reproducing females, this parameter also regresses highly significantly on the temperature. 
Consequently, as also Bi is highly influenced by ambient temperature (see above), Bi and the parameters 
of hatching weight are positively correlated (Table 3.11-7). An influence of ambient temperature during 
the reproductive season on the weight of the young generation is not unexpected (cf. VAN DIJK, 1994; 
and Section 4.5); nevertheless, the high significances are surprising as data from two years with a low 
ADMT in PRIGGE'S critical May period and low reproduction rate are not available (1987 and 1996: 
Tables 3.11-4 and 3.11.-5; Table 3.13-3). In Section 4.4 it will be shown that in these parameters again 
the temperature influence mimicked a density dependence. - The CV of the absolute weight of freshly 
hatched females and males does not regress on the number of reproducing females (Section 4.2), nor 
does the CV of these parameters depend on the temperature in PRIGGE'S critical period of May (Table 
4.3-1).  
The mean body length of the offspring does not regress on the number of reproducing females (Table 
4.2-4). In case of the females, this parameter also depends (weakly positively) on the temperature in 
PRIGGE'S critical period in May (Table 4.3-1). 
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Figs. 4.3-2 a-b Regression of the absolute mean weight of the freshly hatched (very soft) C. auronitens females 
(a) and males (b) (Table 3.13-3) on the temperature in PRIGGE'S critical period of May (Table 3.2-
5). Females (a): b = +13.0383; sb = 2.5711; 0.0007; r2 = 0.8607; males (b): b = +11.0615; sb = 
2.4931; p = 0.0016; r2 = 0.6886. 
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Fig. 4.3-3 Dependence of the relative mean weight of freshly hatched (very soft) females (above) and males 
(below) in C. auronitens (Table 3.11-5: 11 seasons between 1985 and 1998) on ADMT in PRIGGE'S 
critical May period (Table 3.2-5). - Females: r2 = 0.7000; b = +0.4841; sb = 0.1056; p = 0.0013; 
males: r2 = 0.7120; b = +0.4815; sb = 0.1021; p = 0.0011. 
 
However, in young female and male C. auronitens the CV of body length regresses significantly 
positively on the abundance of the reproducing females (Table 4.2-5), which could be interpreted as a 
result of competition for food at high densities. But in these cases also, an influence of ADMT in 
PRIGGE'S critical interval of May is visible both in females and males (Table 4.3-1), and Bi and CV are 
highly (as expected, negatively!) correlated (females: rs = -0.7273; p = 0.011; males: rs = -0.6727; p = 
0.023; n = 11). Similarly, the parameters of postecdysial maturation which regress on the number of 
reproducing females in spring (Tables 4.2-7 and 4.2-8) regress significantly and with the expected sign 
on the temperature in Prigge's critical interval of May (Table 4.3-1). In all these cases it cannot be 
clarified whether the density dependence of the CV of the body length of the young generation was also 
mimicked by the ambient temperature in spring (cf. Section 4.4).  
For a possible influence of the ADMT in PRIGGE'S critical May period on C. auronitens' probability of 
surviving from spring i to spring i+1 see Section 4.6. Other parameters of the C. auronitens population 
under study were not found to depend on ADMT in PRIGGE'S critical May period. Especially, it is worth 
mentioning that the temperature in this period did not influence the maximum mean weight developed in 
the 3rd decade of May or in June  
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females: b = +1.6561; sb = 4.7244; p = 0.7320 
males:    b = -4.0856; sb = 2.3166; p = 0.1032 
 
or CV of these means  
 
females: b = -0.3312; sb = 0.3861; p = 0.4078 
males:    b = +0.3722; sb = 0.5404; p = 0.5040 
 
(remember that Bi also was not correlated with these parameters, Section 3.7; Table 3.7-3). -  
For the influence of ADMT measured in the other spring periods on weight development and Bi cf. 
Section 4.5.  
Similarly, in C. nemoralis ADMT in Prigge's critical May period influenced net reproduction rate (from 
1992 until 1998, cf. Table 3.2-5) significantly (linear regression model assumed):  
 
rs = 0.9286; p = 0.003 
b = +0.6158; sb = 0.1127; p = 0.0028 ; r2 = 0.8566; n = 7 
 
(note that the most sensitive period has not been examined in the case of C. nemoralis!) (Fig. 4.3-4). For 
the sequence 1993 - 1998 (see above) the parameters of regression for C. nemoralis are:  
 
rs = 0.8857; p = 0.019 
b = 0.4410; sb = 0.1098; p = 0.0159; r2 = 0.8012; n = 6 
 
 
 
 
Fig. 4.3-4 Dependence of Bi in the C. nemoralis population under study between 1992 and 1998 on ADMT in 
PRIGGE'S critical period (see text in this section; data in Table 3.2-5). - rs = +0.9286 with p = 0.003; 
b = +0.6158 with sb = 0.1127 and p = 0.0028; n = 7); r2 = 0.8566. 
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Section 4.4 will show that there is no indication that temperature and density interacted to influence Bi 
and weight of the offspring, but that of these two parameters only temperature in the critical period in 
May was effective (see Table 4.4-1). In Section 4.4 it will also be explained how the temperature in 
PRIGGE'S critical May period could give the misleading impression that there was an influence of the 
number of individuals on both Bi and body weight of the offspring. In Section 4.5 there is a discussion of 
the developmental stages (oogenesis, embryonic and/or larval development) that might have been 
influenced by temperatures in the spring season in the C. auronitens and C. nemoralis populations during 
the years of observation.  
4.4 Combined action of mean daily temperature and density on reproductive 
success? 
From the analyses in Section 4.3 it is very probable that ADMT during a critical period in the 
reproductive season strongly influenced the reproductive success (reproduction rate and weight of the 
offspring) of C. auronitens. In addition to this climatic effect, competition for food could nevertheless be 
influential; the idea of a combined action of temperature and density on reproductive success is 
suggested especially by the observation of a regression of Bi (Table 4.2-2) and of both the absolute and 
the relative mean weight of the freshly hatched (very soft) individuals (Table 4.2-6; cf. text in Section 
4.2) on the abundance in the respective spring. Temperature regime and food availability have been 
found to have a joint influence on egg production in the carabid Pterostichus oblongopunctatus 
(HEESSEN, 1980), and on the development of larvae in Nebria brevicollis (NELEMANS, 1987 b). In C. 
auronitens, two possibilities are conceivable: (1) during cold weather intraspecific competition for easily 
obtainable prey could flare up. To test this possibility the regression analyses concerning Bi were 
restricted to the C. auronitens data from cold years with ADMT below 12 °C in PRIGGE'S critical May 
period: to 1983, 1984, 1987, 1991, 1995 and 1996. The coefficient of linear regression of Bi (Table 3.2-
5) on density (Table 1-1) was negative (b = -0.0019; sb = 0.0013; p = 0.2248), whereas the regression of 
Bi on temperature was positive (b = +0.3142; sb = 0.3337; p = 0.3998), but in both cases the regression 
was not significant. Thus this test has not disposed of possibility (1). - Unfortunately, the weight 
parameters were measured too fragmentarily to apply this test. 
The other possibility (2) is that temperature and density act jointly on the reproductive success in every 
year, i. e. that reproductive success is density- as well as temperature-dependent. To test possibility (2) 
multiple linear regression analyses are performed. From Table 4.4-1 it can be concluded that in 
comparison to temperature, abundance in spring has a negligible influence on Bi and the weight of the 
freshly hatched animals. 
 
Table 4.4-1 Multiple linear regression analyses of reproduction parameters of C. auronitens on ADMT in 
Prigge's critical interval of May (Table 3.2-5) and on C. auronitens' abundance in spring - Bi is 
regressed on two parameters of spring abundance: on the number of females plus males (Table 
1-1) and on the number of females (Table 3.2-5). - The weight and length parameters of the 
offspring (Table 3.13-3, Tables 3.11-4 and 3.11-5) are regressed on the number of females in 
the respective spring (Table 3.2-5). The weight parameters refer to those of very soft 
specimens. - Assumed sex ratio between 1982 and 1992: 59.5/40.5% (cf. Section 4.2).  
 
 bpart sb p n 
Bi      
independent  variables:     
temperature +0.2891 0.0730 0.0014 17 
abundance (females plus males) -0.0004 0.0013 0.7677  
Bi      
independent  variables:     
temperature +0.2770 0.0739 0.0022 11 
reproducing females' abundance -0.0015 0.0025 0.5574  
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 bpart sb p n 
females' abs. mean weight     
independent variables:     
temperature (°C) +12.2431 4.0551 0.0166 11 
reproducing females' abundance -0.0284 0.1074 0.7984  
males' abs. mean weight     
independent variables:     
temperature (°C) +13.6713 3.7468 0.0065 11 
reproducing females' abundance +0.0931 0.0993 0.3760  
CV of females' abs. weight     
independent variables:     
temperature (°C) +0.3054 0.5711 0.6074 11 
reproducing females' abundance -0.02224 0.0151 0.1768  
CV of males' abs. weight      
independent variables:     
temperature (°C) -0.2901 0.9724 0.7731 11 
reproducing females' abundance -0.0130 0.0258 0.6268  
females' rel. mean weight      
independent variables:     
temperature (°C) +0.4271 0.1651 0.0323 11 
reproducing females' abundance -0.0020 0.0044 0.6548  
males' rel. mean weight     
independent variables:     
temperature (°C) +0.5847 0.1541 0.0053 11 
reproducing females' abundance +0.0037 0.0041 0.3936  
females' mean body length     
independent variables:     
temperature (°C) +0.1413 0.0852 0.1358 11 
reproducing females' abundance +0.0012 0.0023 0.5985  
males' mean body length     
independent variables:     
temperature (°C) +0.0653 0.0953 0.5127 11 
reproducing females' abundance +0.0006 0.0025 0.8279  
CV of  females' body length     
independent variables:     
temperature (°C) -0.1552 0.1653 0.3751 11 
reproducing females' abundance +0.0026 0.0044 0.5712  
CV of males' body length     
independent variables:     
temperature (°C) -0.1138 0.1328 0.4166 11 
reproducing females' abundance +0.0035 0.0035 0.3510  
abs. mean weight of     
nearly hard females     
independent variables:     
temperature (°C) +4.9569 8.0603 0.5580 10 
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 bpart sb p n 
reproducing females' abundance -0.2673 0.2262 0.2759  
abs. mean weight of     
nearly hard males     
independent variables:     
temperature (°C) +0.5269 5.9060 0.3983 11 
reproducing females' abundance -0.1346 0.1564 0.4145  
mean duration of interval     
"nearly hard - hard"     
independent variables:     
temperature (°C) -0.6651 0.9036 0.4856 10 
reproducing females' abundance +0.0405 0.0234 0.1267  
 
In the case of the positive regression of CV of the body length of young C. auronitens females and males 
on the abundance of the reproducing females in the spring (cf. Table 4.2-5) it is not possible to clarify by 
multiple regression analysis whether indeed density was effective or whether also this regression was 
mimicked by temperature (cf. Section 4.3): in females and males both partial regression coefficients were 
not significant. Furthermore, the (weak) dependence of some parameters of the postecdysial maturation 
process on the number of reproducing females (Tables 4.2-7 and 4.2-8) is also not unequivocally caused 
by the temperature in PRIGGES'S critical period in May (Table 4.4-1). 
We conclude that high adult density, even in combination with low ADMT in the critical period in the 
month of May, influenced neither the net reproduction rate nor the development of the larvae produced 
by the C. auronitens population under study. This conclusion is supported by the modified LENSKI 
experiment (Sections 2.8; 3.6): in 1994 we introduced into each circular enclosure 122 specimens; thus 
the density was 24% higher than the maximum density observed in the 0.2-ha enclosure in spring 1995; 
nevertheless, experimental feeding did not have a distinct effect on weight development (Table 3.6-7). If 
food had been limited at this high experimental abundance, the provision of extra food would have had a 
positive effect on weight development of the fed animals, and moreover the conspecifics living in the 
same enclosure with the fed animals would have benefited from the reduced competition for food 
compared with the beetles in the enclosure where there was no supplementary feeding. On the other 
hand, in the 1991 LENSKI experiment the number of introduced beetles was lower by 11% than the 
abundance in the 0.2-ha enclosure in 1995; in 1991 the fed females evidently benefited insofar as their 
activity was reduced and their season was shortened; and the experimental group had a higher rate of net 
reproduction and a lower mortality. Moreover, in the feeding experiment in spring 1995 beetles kept as 
pairs in plastic pails in the natural habitat and fed ad libitum developed a higher weight during the period 
in which weight development reflects egg production (Table 3.6-6). However, it has to be considered that 
the springs 1991 and 1995 were rather cold (Table 3.2-5); it seems that in these springs the individual 
weight development was retarded because of cold ambient temperatures. Probably, cold temperatures did 
not intensify any kind of competition for food, but reduced the efficacy of hunting and/or digestion. 
Another argument against relevant density depending effects is that several parameters measured in the 
spring season did not regress on the abundance as would be expected in the case of competition for food: 
(1) the operational measure of egg production, i.e. the maximum weight of the females (and males) 
developed between the 2nd decade of April and the 2nd decade of May (Table 4.2-3); (2) the survival 
rate of the generation i-1 from spring i to spring i+1 (Table 4.2-11); (3) the 75% mark of CNL in the 
spring season (Table 4.2-12); (4) the trapping rate (Table 4.2-13), and (5) the maximum mean weight at 
the end of the spring season (Table 4.2-14). Moreover, we did not detect any parameter of the young 
generation that depended on the abundance of the young generation. – However, we shall point out a 
possible rather weak density effect that operated in the early spring season (see below).  
We conclude that no relevant density dependent mechanism was effective in the Carabus assemblage 
studied; especially, limitation of food was not the cause for the regression of reproduction parameters on 
the abundance in spring. What, then, might have been the cause for the weakly significant negative 
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regression of the net reproduction rate Bi of C. auronitens on the number of individuals present in the 
spring season i in the area of investigation, and of the significantly negative regression of mean hatching 
weight of the young generation on the number of reproducing females (Tables 4.2-2, 4.2-6, 4.2-7 and 
4.2-9)? These relationships were evidently mimicked by the following curious phenomenon: from the 
result of multiple regression analysis (see above) it has to be concluded that temperature and abundance 
are correlated: indeed, the abundance of C. auronitens in the spring seasons 1982-1998 (Table 1-1) 
regresses (with weak significance) negatively on ADMT in the critical period of May (b = -27.1678; sb= 
12,7599; p = 0.0502); and the number of reproducing females (Table 3.2-5) regresses even significantly 
on this temperature (b= -15.2010; sb = 6.5460; p = 0.0347). It seems that these phenomena are a 
consequence of stochastic temporal distribution of bad-weather events: as a rule between years with low 
temperatures in May a series of years with normal conditions is inserted, during which the population 
under study is growing; thus, it is not improbable that the abundance is high when a bad-weather event 
occurs, and in response to the unfavourable abiotic condition Bi and the weight of the offspring are low 
(cf. data in Table 3.2-5). The random distribution of bad-weather events becomes visible when the years 
of investigation are ordered according to increasing ADMT in PRIGGE'S critical May period: 1987 (9.9 
°C); 1991 (10.6 °C); 1996 (10.7 °C); 1984 (11.0 °C); 1995 (11.1 °C); 1983 (11.5 °C); 1990 (12.2 °C); 
1994 (12.9 °C); 1997 (13.7 °C); 1986 and 1998 (14.3 °C); 1982 and 1988 (14.8 °C); 1985 (14.9 °C); 
1989 (15.1 °C); 1993 (15.2 °C); 1992 (16.9 °C) (cf. Table 3.2-5).  
In Section 1 it has been outlined that from a theoretical point of view, below the carrying capacity a 
"range of density dependent food shortage" (RFS) has to be expected in which, for example, egg 
production rate per female and growth rates of the larvae decrease continuously with increasing 
abundance. Obviously, in the C. auronitens population investigated in this study between 1992 and 1998 
the abundances fluctuated - at least mostly - below the RFS. However, are there any hints that at least the 
highest abundances in the data sets reached into the hypothetical range where density-dependent 
mechanisms necessarily become effective? This too was obviously not the case, as can be concluded 
from Figs. 4.2-1, 4.2-3 and 4.2-4: the values of the reproduction parameters (Bi and hatching weight) 
measured at maximum densities fit the regression of the values measured at lower densities.  
If temperature and number of animals present in the spring are correlated as a consequence of 
stochastically distributed bad-weather events, not only can temperature mimic density dependencies, but 
inversely, density-dependent factors, if they are effective, would mimic a temperature influence. 
Probably, we also detected an example of this consequence. We were surprised to find that the minimum 
mean weight of the females that was observed in early spring (mostly in the 1st decade, sometimes in the 
2nd or 3rd decade of April; Table 3.6-3) depended on the temperature in PRIGGE'S critical interval of 
May, which started at the earliest on May 9: 
 
females: b = +10.01846; sb = 4.7508; p = 0.0567; r2 = 0.2704; n = 13; 
males: b = +1.6451; sb = 2.107; p = 0.4500; r2 = 0.0484; n = 13; 
 
(no influence of the temperature in PRIGGE'S critical period on CV of the minimum weight). 
In Section 4.2 it has been shown that the females' minimum weight in early spring regressed not 
significantly, but with the expected sign and with a rather low error probability (b = -0.1265; p = 0.178; 
Table 4.2-15) on the density of the C. auronitens individuals in spring. The unexpected influence of the 
temperature in the mid-season on weight development in the early season can be explained by a (weak) 
negative effect of the abundance on the weight development in early spring. However, no hints of a 
reinforcement of competitive effects by interspecific interactions are discernible (Table 4.2-15).  
In summary, the most relevant density-dependent fluctuations in our data sets for C. auronitens (those of 
Bi and the hatching weight) seemed to be mimicked by bad-weather events, which occur with certain 
probability every some years. If at all, only weak signs of intraspecific, and none of interspecific 
competition are present in our data series. This contrasts with findings of SOTA (1987), who reported 
life-history data for Carabus yaconicus and Leptocarabus kumagaii; in the two populations he 
investigated net reproduction depended in a linear regression on the population density; in L. kumagaii 
the regression was highly significant (r2 = 0.99; p = 0.03, n = 4), but in C. yaconicus it was not significant 
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(r2 = 0.54; p = 0.26, n = 4). As a density-dependent process Sota (1987) proposed intraspecific 
competition for food (see also SOTA, 1985 a). Interestingly, the density of C. yaconicus was in the range 
of the densities we observed in C. auronitens and C. nemoralis (106 - 263 beetles calculated for 0.2 ha), 
whereas the density of L. kumagaii was much smaller (between 30 and 86 individuals calculated for 0.2 
ha). L. kumagaii, however, is considerably bigger (29-36 mm) than C. yaconicus (22-30 mm). It could be 
that the habitat of the two Japanese species is poor in food compared with the forest that is inhabited by 
C. auronitens and C. nemoralis.  
4.5 How temperature influences the reproductive success  
In C. auronitens 60.88 % of the variability of Bi was determined by ADMT in PRIGGE'S critical period in 
May (Section 4.3). The question arises what developmental stages are influenced: it is an influence on 
egg production, embryonic and/or larval development?  
In Section 3.7 it has been shown that in C. auronitens the females' weight developed during spring is a 
reliable operational parameter for net reproduction: the maximum mean weight developed between the 
1st decade of April and the 2nd decade of May determined Bi by about 55% (Table 3.7-6). Especially, the 
females' weight in the 2nd decade of May had a large influence: it determined net reproduction rate by 
about 44%; the weight in the 3rd decade of April and the weight in the 1st decade of May were less 
influential: r2 was 0.3323 and 0.2915 (Table 3.7-3).  
Interestingly, the females' weight in the 3rd decade of May displayed the lowest influence on Bi (Table 
3.7-3). On the other hand, at least 5 days in the 3rd decade of May (May 21 - May 25) belong to 
PRIGGE'S critical period (Section 4.3). Therefore it may be concluded that in any case the temperature in 
PRIGGE'S critical period influenced the embryonic and/or larval development of C. auronitens. Low 
temperature could directly affect development and growth of the early stages, and/or impair the preying 
success of the larvae.  
Did ADMT influence egg production at all? To analyze this possibility we compare the influence of the 
temperature in distinct spring intervals on the females' weight in the respective interval (r21) (Table 4.5-1) 
and the influence of the females' weight on Bi (r22) (Table 3.7-3) with the coefficient of determination of 
Bi by the temperature (r23) (Table 4.5-2).  
 
Table 4.5-1 Regression of the females' weight developed in the various spring intervals (Table 3.7-3) on 
ADMT in the respective interval. 
 
interval females' weight excess 
1st decade of April b = -3.7290 
n = 13 sb = 6.1664 
 p = 0.5576 
 r2 = 0.0322 
2nd decade of April b = +13.5312 
n = 10 sb = 7.2339 
 p = 0.0983 
 r2 = 0.3043 
3rd decade of April b = -2.4763 
n = 14 sb = 4.1724 
 p = 0.5639 
 r2 = 0.0285 
1st decade of May b = +9.7053 
n = 14 sb = 4.1421 
 p = 0.0372 
 r2 = 0.3139 
2nd decade of May b = +7.5666 
n = 12 sb = 4.5130 
 p = 0.1245 
 r2 = 0.2194 
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interval females' weight excess 
3rd decade of May b = -0.7701 
n = 14 sb = 6.5230 
 p = 0.9080 
 r2 = 0.0012 
June b = +3.1814 
n = 14 sb = 6.7211 
 p = 0.6445 
 r2 = 0.0183 
 
If the influence of the temperature on Bi was exerted by effecting weight development, we should expect 
that the product (r21 x r22) equals r23. This, however, was the case only in the 1st decade of May: the 
product was 0.0915, and r23 was 0.1227 (Table 4.5-3). Although this r23 is not significant, we may 
conclude that in the 1st decade of May temperature influenced Bi via egg production. In the 2nd decade 
of May r23 was much larger than the product (r21 x r22): obviously, in this decade temperature did no 
longer influence Bi by influencing the egg production, but by strongly influencing the embryonic and/or 
larval development; on the other hand the weight in the 2nd decade of May influenced Bi, but obviously 
the weight developed largely independently of temperature. Also in the 3rd decade of April females' 
weight significantly influenced Bi, but temperature influenced neither females' weight nor Bi.  
 
Table 4.5-2 Regression of Bi on ADMT in the various spring intervals. 
 
interval females' weight excess 
1st decade of April b = -0.0202 
n = 13 sb = 0.0950 
 p = 0.8348 
 r2 = 0.0030 
2nd decade of April b = -0.0277 
n = 10 sb = 0.1308 
 p = 0.8350 
 r2 = 0.0030    
3rd decade of April b = +0.0142 
n = 14 sb = 0.0655 
 p = 0.8314 
 r2 = 0.0031 
1st decade of May b = +0.1059 
n = 14 sb = 0.0731 
 p = 0.1681 
 r2 = 0.1227 
2nd decade of May b = +0.2045 
n = 12 sb = 0.0520 
 p = 0.0013 
 r2 = 0.5076 
3rd decade of May b = +0.1325 
n = 14 sb = 0.0769 
 p = 0.1054 
 r2 = 0.1653 
June b = +0.2331 
n = 14 sb = 0.1560 
 p = 0.1558 
 r2 = 0.1296 
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Thus, temperature does affect weight development, but only during the 1st decade of May according to 
our data set. Evidently the marked effect of the temperature in the 2nd decade of May on Bi (r2 = 0.5076; 
Table 4.5-3; cf. Section 4.3) was predominantly due to an influence already being exerted on embryonic 
and/or larval development.  
 
Table 4.5-3 Determination of the females' weight by ADMT and of Bi by the females' weight and by 
ADMT in several spring intervals (Tables 3.7-3; 4.5-1; 4.5-2). * p < 0.05; ** p < 0.01 (in all 
other cases: p > 0.10). 
 
 temperature >> weight >> temperature >>  
 weight Bi Bi  
 r21 (Table 4.5-1) r22 (Table 3.7-3) r23 (Table 4.5-2) r21 x r22 
3rd decade of April 0.0285 0.3323* 0.0031  0.0095 
1st decade of May 0.3139* 0.2915* 0.1227  0.0915 
2nd decade of May 0.2194 0.4397* 0.5076**  0.0965 
3rd decade of May 0.0012 0.0001 0.1653  1.2 x 10-7 
 
No influence of the temperature in PRIGGE'S critical period on egg production can be discerned. The 
result of the feeding experiment in 1995, when temperature was low in the critical period and 
reproduction rate was small (Table 3.2-5), is quite consistent with this conclusion: the weight of the fed 
females was considerably larger than that of the enclosure females until May 11; thereafter the weight 
difference declined, and on May 25 the weight of the enclosure females was even larger than that of the 
fed animals (Table 3.6-6). An influence of the temperature in the 1st decade of May on the females' 
weight development and thus on egg production and net reproduction is also illuminated by the 
observation that the males' weight development was not affected by the temperature, neither in the 1st 
decade of May nor in any other interval (Table 4.5-4). 
Table 4.5-4 Regression of the males' weight developed in the various spring intervals (Table 3.7-3) on 
ADMT in the respective interval. 
 
interval females' weight excess 
1st decade of April b = +3.1001 
n = 13 sb = 2.9813 
 p = 0.3207 
2nd decade of April b = +1.1804 
n = 11 sb = 1.9436 
 p = 0.5586 
3rd decade of April b = +0.1733 
n = 14 sb = 1.4943 
 p = 0.9096 
1st decade of May b = +2.0390 
n = 14 sb = 1.2016 
 p = 0.1155 
2nd decade of May b = +2.1458 
n = 12 sb = 1.8852 
 p = 0.2816 
3rd decade of May b = +0.4653 
n = 14 sb = 2.9827 
 p = 0.8786 
June b = -5.9350 
n = 14 sb = 4.9840 
 p = 0.2567 
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The simplest biological explanation of these interrelations would be to assume that egg production took 
place only in the 1st decade of May (in a temperature-dependent manner) and in the 2nd decade of May 
(in a temperature-independent manner). However, Bi was also significantly influenced by the females' 
weight in the 3rd decade of April (Tables 3.7-3 and 4.5-3), and the maximum mean weight developed 
until the 2nd decade of May was sometimes observed as early as the 2nd decade of April (Table 3.6-4). 
Egg production earlier than in May evidently also has some influence on net reproduction. This 
conclusion is supported by our finding that dissected females already contained chorionized oocytes at 
the beginning of April (Tables 3.7-1 and 3.7-2). However, eggs that are laid very early (in the 1st or 2nd 
decade of April) might in any case have a relatively small chance to develop in the population under 
study. We do not know the proximate reason(s) for this phenomenon; the ultimate reason might be a 
reduced survival probability of early hatching specimens (BAUMGARTNER et al., 1997). In this context it 
is of special interest that in Pterostichus cupreus eggs laid at the start of the breeding season are exposed 
to a higher mortality risk than those laid by the same female in the middle of the season (laboratory 
experiments with constant ambient conditions; HEIMBACH, unpubl.). In any case, the bulk of developing 
eggs seems to have been laid between the 1st and 2nd decade of May.  
It was surprising that by regression analyses we found no indications of successful egg production in the 
3rd decade of May and only a weak indication of successful egg production in June (Tables 3.7-3, 3.7-6; 
3.7-7). It could be argued that nevertheless the females did in fact produce eggs during these intervals but 
that the CVs of the females' weight in these intervals was small during the years of investigation: both 
egg-producing and non-egg-producing females could have had a high weight at the end of the spring 
season. However, CV of the females' maximum weight developed in the 3rd decade of May or in June 
was not smaller than the CV of the maximum weight developed until the 2nd decade of May (for some 
years this is shown in Table 3.6-4). Therefore, we conclude that indeed, in the C. auronitens population 
under study, no eggs or few eggs capable of developing were produced at the end of May and in June. As 
at the start of a breeding season, in P. cupreus eggs that are laid at the end of the season are exposed to a 
higher mortality risk than those produced in the middle of the breeding season (see above; HEIMBACH, 
unpubl.). 
But why has no strategy evolved that would allow a deficit of developing stages caused by bad weather 
in the critical period of May to be compensated by enhanced egg production during June, when the 
ambient temperature seems always to be high enough for embryonic and larval development? Indeed, 
chorionized eggs in females have been observed late in the season, both in springs with "good" and those 
with "bad" temperature conditions in the critical period (Tables 3.7-1, 3.7-2); also, the females' weight 
developed at the end of the spring season (in the 3rd decade of May or in June) was high even in bad 
years (1987, 1995, 1996) (cf. Table 3.6-4). It seems, however, that regardless of the temperature regime 
and of the number of eggs that have already been produced, in the Westphalian Lowlands the metabolism 
of C. auronitens switches from egg production to fat body growth in the 3rd decade of May as a 
preparation for long-term dormancy that follows the spring season (Section 3.15). By this switch egg 
production and egg laying seem to be drastically reduced, and possibly the content of most eggs that 
have not been laid earlier is resorbed and serves as a source for fat-body growth. In Section 3.6 it was 
outlined that the dramatic increase of adult weight between the 2nd and 3rd decade of May in 1996 
coincided with a great abundance of caterpillars. This observation could indicate that the supposed 
physiological switch is independent of the actual food supply; rather, the switch seems to be a 
physiological reaction to the change in abiotic conditions (e.g. the photoperiod).  
The ultimate cause of a termination of egg production at the transition 2nd decade/3rd decade of May 
could be a rather high risk that offspring hatched from eggs produced later will not complete 
development before the onset of winter conditions. Thus, termination of egg laying by an abiotic stop-
signal at this transition, and enhancement of the individual survival probability by already starting to 
prepare for the long-term dormancy at the end of May is a more successful strategy than the continuation 
of egg laying until the end of the spring season: under the actual climatic conditions this strategy seems 
to have been selected as the best one to level the mortality-reproduction balance and - in good years - 
even to enable over-reproduction, and thus to increase the number of reproducing individuals. From the 
3rd decade of May on, the individual "reproductive value" depended not on the persistence of the "actual 
reproductive effort" but on the securing of the "residual reproductive value" (WILLIAMS, 1966; REZNICK 
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et al., 2000). For a discussion of the potential of the C. auronitens population under study to adapt to 
changing conditions by a shift of the main period of egg production see Section 4.11.  
Not only the net reproduction rate, but also the mean weight of the adult offspring depended on ADMT 
in PRIGGE'S critical period in May (Tables 4.3-1; 4.4-1). There are even some suggestions of more 
persistent after-effects of the conditions during spring on postecdysial maturation (cf. Section 4.2: Tables 
4.2-7 and 4.2-8; 4.3-1 and 4.4-1). These long-lasting after-effects were significant regarding the body 
weight of both the nearly hard females and males and also regarding the duration of the maturation 
interval "nearly hard - hard". One may conclude from these results that after hatching a quick 
sclerotization of the cuticle had priority over a compensatory weight increase, so that weight deficits 
finally become visible in the animals with nearly completed sclerotization; then the deficit begins to be 
compensated, as a result of which the maturation interval "nearly hard - hard" may be prolonged (see also 
Section 3.13). 
We hypothesize that after-effects on the condition of the developing adults result from an influence of 
suboptimal conditions, e.g. suboptimal temperature, during oogenesis, embryogenesis and/or early larval 
development. This hypothesis may seem strange at first. However, it is well known that adults of other 
groups in the animal kingdom can be affected by suboptimal conditions during early development 
(LINDSTRÖM, 1999). In particular in insects, the growth of the larvae determines the size of the adult 
body. In the case of the carabids under study we hypothesize that the physiological condition of the 
developing larvae and/or of the developing young adults is influenced by the amount of yolk the eggs 
contain and/or by quality and quantity of food available to the young larvae (see below for possible after-
effects in the development of carabids suggested by reports in the literature).  
Temperature also had a considerable influence on Bi in the C. nemoralis population under study (Section 
4.3). From the early start of the spring season in this population (Section 3.3) it can be concluded that 
ADMT in PRIGGE'S critical May period predominantly influenced larval development, whereas its 
influence on oogenesis and embryogenesis is less significant.  
Temperature is also a key factor for reproduction and development in other carabid species. VAN DIJK 
(1979 b) observed that carabid females are not able to start egg-laying again after it has been interrupted 
during the reproductive period (for example by low temperatures). In Pterostichus versicolor no eggs 
develop in the ovaries below 8 - 9 ° C; moreover, eggs are only laid after a certain temperature-total has 
been reached (VAN DIJK, 1979 b). In P. versicolor and Calathus melanocephalus, VAN DIJK (1996) 
found a high positive correlation between the level of constant ambient temperature (varied within the 
range of 8.5 – 20 °C and 5 - 22.5 °C, respectively) and the mean number of eggs laid per female per 
season (on average a female produced about 60 x more eggs at the highest temperature than at the lowest 
temperature mentioned). HEESSEN (1980) has shown that egg production in Pterostichus 
oblongopunctatus is promoted by daily temperature cycles (for example 15/22 °C and 12/19 °C), but 
reduced in constant temperature (20 °C). - Female P. versicolor developed lower body weights when 
reared at 12 °C compared with rearing at 19 °C (VAN DIJK, 1994). Moreover, in P. versicolor females 
and males, the duration of the development from egg to adult was much shorter at higher temperature (19 
°C) than at lower temperature (12 °C) (VAN DIJK, 1994). An influence of the temperature regime during 
larval development on adult body size of carabids, which is independent of food supply, has also been 
reported by DESENDER (1989), ERNSTING et al. (1992) and THEISS & HEIMBACH (1994). In Carabus 
(Platycarabus) creutzeri Fabricius the larvae do not hatch at temperatures over 24 °C (BRANDMAYR & 
ZETTO-BRANDMAYR, 1979). 
As has been outlined in Section 4.1, the survival of carabid larvae depends - at least at relative high 
ambient temperature - on a continuous food supply that may not be interrupted for very long (THEISS & 
HEIMBACH, 1993). That food restrictions affecting carabid larvae can have discernible after-effects in the 
adults has been reported by ERNSTING et al. (1992), THEISS & HEIMBACH (1993) and VAN DIJK (1994): 
quantity and quality of food supply for the larvae influences the length of larval growth and larval and 
adult body size (Section 4.1; see there also for indications of after-effects of oogenesis on larval 
development). An after-effect observed by NELEMANS (1987 b) in Nebria brevicollis is most drastic: the 
emerging adults do not develop flight muscles unless larval food was present in sufficient quantities 
(Section 4.1).  
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4.6 Costs of reproduction (a trade-off between reproduction and survival)? 
A dependence of survival rate of the reproducing generation on the rate of reproduction is the most 
frequently discussed trade-off (STEARNS, 1992). Such trade-off arises if the individual's "actual 
reproductive effort" negatively influences its "residual reproductive value" (WILLIAMS, 1966; REZNICK 
et al., 2000; see Section 4.5). LENSKI (1984), however, stressed that in Carabus limbatus no trade-off 
exists between reproduction and survival. The same conclusion has been drawn by VAN DIJK (1979 a, 
1994, 1996) for the carabids Pterostichus versicolor and Calathus melanocephalus. On the other hand, a 
trade-off between reproduction and survival has been conjectured by MURDOCH (1966 a, b) for the 
carabid species Agonum fuliginosum. A trade-off between reproduction and survival has also been 
observed in the staphylinid beetle Philonthus cognatus (METGE, 1996). 
Remarkably, in C. auronitens, both when females and males are pooled and in females alone the survival 
rate of generation i-1 from spring i to spring i+1 is correlated significantly negatively with Bi (r2 = 
0.9197); in C. nemoralis there was no such correlation (Table 4.6-1). Nevertheless, a trade-off between 
reproduction and survival in C. auronitens may not be regarded as proved as the number of testable cases 
is rather small (cf. legend of Table 4.6-1). There is a further restriction of the relevance of this result: the 
contribution of the individual generations to the total reproduction is unknown, so it is doubtful how 
large the reproductive contribution of the generation i to total reproduction actually was. Interestingly, 
however, the female survival rate from the 2nd to the 3rd spring season also shows a negative correlation 
with reproduction rate, although it is not significant: rs = -0.800; p = 0.2000; r2 = 0.4597. Arguing against 
a trade-off between reproduction and survival is the observation that Bi is correlated neither with the 
mean weight at the end of the spring season nor with the variance of this parameter (Section 4.2), and the 
survival rate also was not correlated with these parameters. 
 
Table 4.6-1 Correlation between the survival rate of the specimens (1st values: males and females pooled; 
2nd values females only) of the generation i-1 from spring 1 to spring i+1 and Bi for the period 
1992 - 1998 (data in Tables 3.2-1, 3.2-2, 3.2-5). n = 5 in both species (in C. auronitens 
generation A'96, in C. nemoralis generation A'95 is omitted because of low abundance). 
 
 rs p 
C. auronitens -0.900/-1.000 0.037/0.000 
C. nemoralis +0.300/+0.100 0.624/0.873 
 
In C. auronitens, the survival rate was possibly not influenced by the reproductive effort, but was directly 
influenced by the temperature regime in PRIGGE'S critical period (Section 4.3). Specifically, the high 
survival rate in case of low reproduction could have been the consequence of a low-temperature-induced 
reduction of activity by which, for example, the danger of predation was reduced. Indeed, survival rates 
regress significantly on ADMT in PRIGGE'S critical May period in C. auronitens (Table 4.6-2; all beetles: 
r2 = 0.8144; females: r2 = 0.6711 for females) (no significant regression in C. nemoralis); the multiple 
linear regression analyses, however, do not reveal a higher influence of the one or the other potential 
influential factor on survival rate in C. auronitens (Tables 4.6-2 b, c). 
 
Table 4.6-2 a Regression of the survival rate of the C. auronitens generation i-1 from spring 1 to spring i+1 
on ADMT in PRIGGE'S critical May period between 1992 - 1998 (1st line: males and females 
pooled; 2nd line females only; data in Tables 3.2-1 and 3.2-5).  
 
a)  b sb p 
 females + males -2.3363 0.6440 0.0361 
 females -3.3640 1.3597 0.0897 
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Table 4.6-2 b Multiple regression of the survival rate of C. auronitens (females and males pooled) on ADMT 
in Prigge's critical May period and reproduction rate Bi. 
 
b) females + males bpart sb p 
 temperature -0.8220 0.7870 0.4059 
 reproduction rate -2.8513 1.2566 0.1513 
 
Table 4.6-2 c Multiple regression of the survival rates of C. auronitens (females) on ADMT in PRIGGE'S 
critical May period and reproduction rate Bi (Table 3.2-5). - For number of cases see legend of 
Table 4.6-1 above. 
 
c) females bpart sb p 
 temperature -1.2892 2.6220 0.6716 
 reproduction rate -3.9067 4.1864 0.4492 
 
4.7 Did temperature do it rather well ? A view into the past  
DEN BOER (1981, p. 46) concluded from simulation experiments on the efficacy of random restrictions: 
"Hence, as could be expected, density restrictions of about the right size and occurring in about the right 
mean frequency will appreciably prolong the survival times of populations that otherwise would have 
shown an upward trend of numbers, but it will be less expected, that it does not make much difference 
whether such restrictions occur about randomly or only at very high densities, though a rather low 
probability of occurrence at very low densities must generally be favourable, of course". 
In the populations of C. auronitens and C. nemoralis under study, obviously, such a random restriction 
was operating: ADMT during a critical period in the month of May was a key factor in net reproduction, 
preventing the populations from growing beyond a maximum density of 625 individuals on 0.2 ha in 
C. auronitens and 217 individuals on 0.2 ha in C. nemoralis (Table 1-1; Section 4.3). In the range of 
abundances observed, there was no clear evidence of the efficacy of intra- and interspecific competition 
or other density-dependent effects (Section 4.2).  
It is in the nature of randomly distributed limiting factors, such as bad-weather events, that they could 
fail to appear when their operation is necessary in order to prevent negative effects of over-abundance. 
Theoretically, any negative effects cannot be denied when the abundance of a population is increasing so 
much that the range of density dependent food shortage (RFS) of the populations' ecological niche is 
entered. Indeed, it is consistent with this theoretical expectation that crowding and scrambling and their 
negative effects have occasionally been observed in Carabus populations (examples 1-3). (1) Carabus 
clathratus was so common on the island of Borkum in 1865 that dozens of individuals were trodden 
down on the paths and the local people were afraid that the beetles would be a pest, killing the birds' 
broods; some years later C. clathratus had apparently completely disappeared from the island (HORION, 
1941, p. 51). (2) Around 1910 Carabus irregularis was observed in the Lippian hill country very 
frequently and "even during daytime running in the village" (HORION, 1941, p. 39). (3) The most 
colourful description of an over-reproduction and its consequences has been written about Carabus 
auratus:  
"In the summer of 1891 I was struck by the extraordinary abundance of Carabus 
auratus near Warburg. This species can usually be observed there, but I had never 
before known it to be so numerous that it was impossible to walk along any path 
through the fields without treading an animal to death at almost every step. On a 
particular afternoon in July I noticed something quite peculiar. Along the field 
paths hundreds and thousands of the beetles were scuttling about; ordinarily fast 
walkers, they seemed now to be moving much more rapidly ... as though they were 
in a state of extreme excitement and haste; they were racing past one another in all 
directions. Then I suddenly saw how when two of the beetles encountered one 
another a fight broke out, which in an incredibly short time was settled in favour of 
Behavioural, reproductive and developmental seasonality in Carabus auronitens and Carabus nemoralis 
Mitt. Biol. Bundesanst. Land- Forstwirtsch. 382, 2001 161
the stronger one; this beetle hurriedly charged against the other, climbed onto its 
back, gripped it between head and thorax with the mandibles and killed it with 
vigorous bites. The murderer immediately ran on, paying no further attention to its 
victim; encountering other beetles, it left them untouched, until it suddenly found a 
new opponent and fell upon it; but this one turned out to be stronger than its 
attacker and slaughtered it just as rapidly and thoroughly as the latter had just 
recently done to the other beetle. But these battles were not isolated instances; 
beetles were fighting all over the place, and many beetle corpses were already lying 
on the paths" (UFFELN, 1904, p. 43/44; translated by A. BIEDERMAN-THORSON).  
 
Have crowding events also occurred occasionally in C. auronitens populations? Or asking the other way 
around: How certain is it that the population will be limited at the right time by temperature, the key 
factor for net reproduction in C. auronitens? Because we know the critical period in which ambient 
temperature had the largest effect, population growth under the influence of real daily mean temperatures 
can be simulated. Daily mean temperatures measured near the city of Münster are available for the time 
after 1891. MALTE PRIGGE (Table 2.4) simulated the growth of a C. auronitens population on the basis of 
the population parameters measured in this study (see legend of Fig. 7-1) and started with a population of 
316 individuals per 0.2 ha in 1891 (corresponding to the abundance in the enclosure in 1989); he found 
in the fluctuation of simulated abundances besides the 1995 peak (623 individuals per 0.2 ha; measured: 
625 individuals) two other peaks of abundance (in spring 1926: 957 individuals, and in spring 1955: 980 
individuals). Around 1908 he detected a severe decline of the abundance (down to 27 individuals per 0.2 
ha; Fig. 7-1). The abundances measured in the enclosure and the abundances simulated between 1982 
and 1998 are highly correlated (r2 = 0.5089; rs = 0.5490; prs = 0.022; n = 17). 
 
 
 
Fig. 4.7-1 Simulation of the growth of a C. auronitens population from 1891 to 1998. Parameters of 
simulation: (1) dependence of reproduction rate on temperature in PRIGGE'S critical May period as 
observed between 1982 and 1998 (Section 4.3); (2) proportion of females in each new-born adult 
generation 54.3% (Table 3.2-4); (3) age-dependent invariable survival rates (calculated from Table 
3.2-1; individuals of same age in all the annual generations including generation 1995 were pooled, 
under consideration of the small rates from autumn 1995 to spring 1996); (4) abundance of the 
initial population: 316 individuals per 0.2 ha (note that he area of the enclosure is 0.2 ha).  
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This simulation applies to any C. auronitens population in the Westphalian Lowlands at a place with 
similar microclimate: the population in this investigation was probably founded relative recently, 
sometime after 1900 (NIEHUES et. al., 1996). However, it is very probable that in 1926, when according 
to the simulation the first peak abundance had occurred, the forest being investigated was already 
occupied: for the first time in winter 1921/22 C. auronitens was reported from a forest close to the Forst 
Tinnen (PEUS, 1922/24; GRIES et al., 1973).  
In the following we consider the range of safety in the 1891 population in the face of the subsequent 
critical periods around 1908 (temperature-induced decrease of abundance) and around 1926 
(temperature-induced increase of abundance), so that neither a critical minimum density was crossed 
around 1908 nor a critical maximum density was crossed around 1926. Note that for a given point in time 
(for example 1891) we distinguish limits of abundance that determine the range of actual safety from 
limits of abundance that determine the range of safety at a future moment. ROBERT BAUMGARTNER (in 
press) simulated the actual critical minimum density on the basis of locomotory activity patterns 
monitored in C. auronitens (Section 3.8) and on the basis of the range of attraction of a male by a female 
as ascertained by pitfall trapping (about 2 m). The actual critical numbers are 7 females and 7 males per 
0.2 ha: if the densities are lower the probability that a female will encounter at least one male during the 
month of May is reduced below 95%. The actual critical upper limit can less accurately be estimated. In 
an enclosure experiment where the density corresponded to around 775 individual C. auronitens per 0.2 
ha we have not yet observed any crowding effect (Sections 2.4. and 3.6). Therefore let us assume that the 
actual critical upper limit is around 1500 individuals per 0.2 ha: at the latest beyond this abundance the 
population should enter the RFS and severe negative density-dependent effects are likely to occur (cf. 
Section 4.9).  
Taking 28 and 1500 individuals per 0.2 ha as the limits of the range of actual safety, then in the face of 
the forthcoming climate events the range of safety in the 1891 simulated population would have been 
around 164 (the critical minimum) and 495 (the critical maximum); that is, the range of future safety was 
rather small (consider that the range of fluctuation measured between 1982 and 1999 was between 222 
and 625: Table 1-1). Such simulations, however, do not allow concrete predictions, because the outcome 
of a simulation depends largely on several population variables, for example, on the proportion of 
females in the newborn generation and on the rates of adult mortality: if the proportion of females among 
the newborns is changed only slightly from 54.3% (Fig. 4.7-1) to 55%, the range of future safety would 
have been between 147 and 399 in 1891. 
Although the outcome of a simulation depends largely on incompletely understood population variables, 
one has to conclude from our simulation experiments in general that the range of future safety is much 
smaller than the range of actual safety: obviously, the key factor "ADMT in a critical period of May" 
does not quite do it well in the long run in order to prevent over- and under-reproduction. This may be 
true in all cases when exclusively stochastic key factors determine the growth of a population, especially 
when there is one stochastic key factor only (WILBERT, 1962; REDDINGIUS & DEN BOER, 1970). 
Regarding C. auronitens, however, it has to be stressed that we cannot be sure that we know the whole 
story. For example, it could be that low temperatures in the critical period of May can be compensated by 
other environmental variables, for example by relatively high temperatures during an early spring period 
or by plenty of food for the developing larvae during the critical period (cf. Section 4.5). On the other 
hand, if such a compensating factor really exists, it seems not to be very probable that it coincides with 
low temperatures in the critical period of May. Moreover, we do not know how quickly the population is 
able to genetically adapt to a series of years with temperatures in the critical period of May that are rather 
low or rather high (Section 4.10). 
On the basis of fluctuations of year-catches in pitfalls DEN BOER (1985 a) simulated the persistence of 
local populations of various carabids in the Netherlands. He found that local populations appear to 
survive around 10 years (species with a high power of dispersal: T-species) to 40 years (species with a 
low power of dispersal: L-species); in old deciduous forests (like the forest of this investigation) the 
persistence is estimated to be >100 years in L-species and 12 years in T-species (DEN BOER, 1990). Our 
results obtained by a quite different approach do obviously not contradict DEN BOER'S estimations.  
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4.8 Spreading of risk and Moran-Grüm effects 
No density-dependent effects were observed within this Carabus assemblage during the years of 
investigation (Section 4.2). Despite the non-existence of an effective interspecific competition, 
C. auronitens and C. nemoralis showed largely synchronous density fluctuations (1992-1999: 
rs = +0.8810; p = 0.004; n = 8; Table 1-1). It has to be remembered that not only did the fluctuations of 
the abundance of the two species between 1992 and 1998 show some degree of synchrony, but also the 
maximum trapping rates, which serve as a measure of the abundance at the site of investigation between 
1982 and 1991: the trapping rates of the two species are positively correlated for 1982 - 1999 (Section 
3.1). This finding raises the question as to the mechanism that synchronized the fluctuations of 
abundance of these two co-existing populations.  
The reproduction rate of both populations was strongly affected by cold weather during the same critical 
period in spring (Sections 4.3, 4.4, 4.5). Suboptimal weather conditions, such as the low temperatures in 
PRIGGE'S critical period of May that occur with stochastic regularity every few years, can limit the 
growth of the carabid populations (but not very reliably, cf. Section 4.7) and thus not only (1) prevent 
them from reaching the RFS, at which negative feedback mechanisms inevitably operate (DEN BOER, 
1985 a, 1991), but also (2) probably synchronize the fluctuations of abundance of different, but 
ecologically similar species living at the same place as well as of populations of the same and of 
different, ecologically similar species living at different places within the same region (BAARS & VAN 
DIJK, 1984 a; GRÜM, 1986; GIERS-TIEDTKE et al., 1998) (for the experience of carabidologists on "bad" 
and "good" years regarding the number of beetles trapped in pitfalls see also SCHJØTZ-CHRISTENSEN, 
1965). GRÜM (1986) concluded from field observations of 12 carabid species near Warsaw (Poland) over 
5 to 9 years and from simulation experiments "that a regional factor exerts a determining effect on the 
changes in a species density within a region and that in each site of the region independent, species-
specific, habitat factors operate" (p. 357).- The synchronizing effect of regional weather events ("regional 
stochasticity": HANSKI, 1991 b) on conspecific populations with similar population traits living at 
different or even isolated sites inside the same region is well known as the MORAN effect (MORAN, 1953; 
BJØRNSTAD et al., 1999; HUDSON & CATTADORI, 1999; KOENIG, 1999; RIPA, 2000). We will call the 
synchronizing effect of weather events on heterospecific carabid populations living at the same or 
different regional sites the GRÜM effect.  
The dependence of the populations under study on only one and the same key factor for net reproduction 
obviously establishes low-dimensional dynamics in this Carabus assemblage: "This result is produced 
when only one or a few ecological parameters exert such a strong influence on system dynamics ... that 
the effect of the myriad variables and parameters that influence ecological dynamics at other spatio-
temporal scales or in other regions is swamped out." (GORDON, 2000, p. 185). Nevertheless, the 
dynamics of the C. auronitens and C. nemoralis populations are anything but easily understood. For 
example, we do not know why the C. nemoralis population did not recover as quickly as the 
C. auronitens population did after the "bad" years 1995 and 1996 (Section 3.2; see below).  
A GRÜM effect in C. auronitens and C. nemoralis was also evident in a study over 5 years at several 
neighbouring sites (largest distance: 7 km) in the Teutoburger Wald (Westphalia and Lower Saxony) by 
pitfall trapping (GIERS-TIEDTKE et al., 1998; see there for methods) (Table 4.8-1).  
 
Table 4.8-1 Synchronous fluctuations of abundance in C. auronitens and C. nemoralis at several 
neighbouring sites in the Teutoburger Wald. The sites sampled in successive years were in 
some cases not identical, so that the number of sites for which catching rates are compared 
varied. The standardized catching rates of the sites were summed up (∑Si). From the sums for 
two successive years the quotient is calculated: ∑Si+1 / ∑Si. After GIERS-TIEDTKE et al. (1998).  
 
years compared 1973/72 1974/73 1975/74 1976/75 
number of sites compared 11 17 17 11 
C. auronitens ∑Si+1 / ∑Si 0.94 0.41 0.95 2.57 
C. nemoralis ∑Si+1 / ∑Si 0.71 0.54 0.42 8.00 
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During the first years of investigation a more or less synchronous decline, in the last year a synchronous 
rise of the catching rates of C. auronitens and C. nemoralis (and most other carabid species) was 
observed. In this case, too, it is likely that a weather event influenced the reproduction-mortality balance 
of different carabid species in the same direction. The nature of the weather event, however, remained 
unknown. 
The fluctuation of the C. nemoralis population in the Forst Tinnen study (Table 1-1) presents an 
unresolved problem that cannot be explained simply by a GRÜM effect: the drastic decline of population 
size in C. nemoralis - compared with C. auronitens - is especially due to the relatively low reproduction 
rate in 1997, when the temperature in the critical May period was relatively high (Table 3.2-5; Table 4.3-
5). Two main causes (1, 2) are conceivable for this phenomenon: (1) In 1997 the reproductive success 
was small in C. nemoralis because the population was superannuated: old females in C. nemoralis, but 
not in C. auronitens could be less fertile than young specimens. Besides such a general individual age 
effect (1 a), another cause (1 b) could be involved. (1 b) The small reproductive success in the 
C. nemoralis population could be due to the shift of the sex ratio as a consequence of the higher male 
mortality (Tables 3.2-3, 3.2-4). A shift of the sex ratio may exacerbate the problem of overcoming a low 
abundance, because an encounter of the sexes becomes still more improbable. That an increase of the 
level of activity (Table 3.4-1) may only incompletely compensate the disadvantage of a low abundance 
has been outlined in Section 3.4. - (2) In 1997, a climatic factor not affecting the C. auronitens 
population could have negatively influenced the net reproduction of C. nemoralis. - (3) Heterospecific 
competition for mates: C. nemoralis males are attracted by C. auronitens females and vice versa (cf. 
Section 4.9). - We believe that complex (1) was effective because, interestingly, it was also observed in 
the Teutoburger Wald investigations during 1972 - 1976 that the recovery of the C. nemoralis 
populations was somewhat delayed compared with C. auronitens (cf. the quotients for 1975/74 in Table 
4.8-1). Cause (3) also could have impeded the recovery of the C. nemoralis population.  
Especially DEN BOER and co-workers (DEN BOER, 1973, 1979, 1981; VAN DIJK, 1979 a; VAN DIJK & 
DEN BOER, 1992) have supported the idea that asynchronous fluctuations of local populations belonging 
to the same spatially structured ("composite") regional population effectively reduce the danger of 
extinction at the regional scale. Asynchronous fluctuations of abundance of local populations have 
indeed been demonstrated for the carabid species Pterostichus versicolor (DEN BOER, 1981; BAARS & 
VAN DIJK, 1984 a; VAN DIJK & DEN BOER, 1992). In this species, obviously the Moran effect did not 
appear, or it was weak. On the other hand, in metapopulations that are exposed to a severe Moran effect 
risk spreading by extinction-recolonization dynamics would be restricted (HANSKI & WOIWOD, 1993; as 
in the carabid Calathus melanocephalus; DEN BOER, 1981; BAARS & VAN DIJK, 1984 a; VAN DIJK & 
DEN BOER, 1992). The strength of a Moran effect evidently depends - apart from species-specific 
reactions as GRÜM, 1986, has stressed - on the conditions of the landscape inhabited by a metapopulation 
as well as by the kinds of abiotic key factors that affect the reproduction/mortality balance of the 
populations. In populations of the autumn breeder C. melanocephalus in the Netherlands the key factor 
for mortality seems to be the amount of precipitation in winter: abundances increase after winters with 
average or low precipitation, and decrease after winters with high precipitation (VAN DIJK & DEN BOER, 
1992). On the other hand, the lack of a Moran effect in the spring-breeding populations of P. versicolor 
is mainly due to the operation of locally expressed biotic and abiotic factors during the summer, probably 
the accessibility of food and microclimatic temperature. 
In C. auronitens a temporal spreading of risk is rather effective (DEN BOER, 1968; VAN DIJK, 1972), 
because the mortality of the adults is low and largely independent of environmental fluctuations (indeed, 
it may be lower, the lower the reproduction rate; cf. Table 4.6-1). Even a deficit of reproduction in two 
successive years, as in 1995 and 1996 in the Forst Tinnen study, cannot endanger the survival of an 
established (abundant) C. auronitens population. SOTA (1987) also discusses the iteroparity of Carabus 
yaconicus and Leptocarabus kumagaii as as an important factor stabilizing the populations under 
fluctuating environmental conditions (cf. also Davies, 1987). He stressed that higher adult survivorship 
of L. kumagaii compensates for the relatively small net reproduction rate of the population of this species 
that he studied. In C. nemoralis, on the other hand, if it is true - as suggested above - that the 
reproductive success of surviving adults is rather low, the temporal spreading of risk would be restricted. 
C. nemoralis, however, inhabits rather diverging habitats (cf. Section 1); the large habitat-tolerance of 
C. nemoralis is surely an optimal guarantee of survival on the large scale. moreover, density-dependent 
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behaviour (enforced activity when density has become small; Table 4.2-13) could be effective in this 
species by facilitating the meeting of the sexes at low densities and thus reducing the critical minimum 
density, beneath which the extinction of a (sub-) population is very probable (however, see above and 
Section 3.4). 
4.9 Possible reasons for the reduction of intra- and interspecific competition 
and antagonistic behaviour in the populations under study 
Competition as a consequence of density-dependent food shortages was not clearly demonstrable in 
either of the two populations studied here or within the Carabus assemblage composed of the two 
populations (Section 4.2). In both species, the reduction of net reproduction rate during periods of high 
abundance was due to unfavourable weather conditions that occurred with stochastic regularity at 
intervals of some years (Sections 4.3, 4.4). Even in an enclosure experiment where the density 
corresponded to around 775 individual C. auronitens per 0.2 ha we have not observed any crowding 
effect (Sections 2.4; 3.6 and 4.7). The question arises whether the non-existence of any competition 
effect within the spectrum of abundances observed between 1982 and 1998 (Table 1-1) is the 
consequence of (I) a very high RFS (in other words, of plenty of food in the habitat), (II) historically 
caused habitat unsaturation, (III) marked intraspecific and/or (IV) interspecific niche heterogeneities. 
(I) The natural vegetation of the area investigated is a Querco-Carpinetum growing on water-damming 
sandy loam (Section 2.1). This plant community is considered relatively productive (Ellenberg, 1978). A 
relatively high productivity of the site of investigation is reflected by high abundances of potential prey 
organisms for big carabid beetles, especially caterpillars, slugs and young metamorphosed anurans. 
Especially some lepidoptera show periods of mass-reproduction (Section 2.1). However, we have not 
detected relevant relations between the abundances of caterpillars and population parameters of 
C. auronitens (only the maximum weight developed at the end of the spring season depended weakly 
significantly on the estimated caterpillar abundance; Section 3.6). Nevertheless, it is likely that the 
increase of the populations of C. auronitens and C. nemoralis towards high abundances without blazing 
up of distinct effects of intra- and interspecific competition is facilitated at least partly by a permanent 
availability of plenty of food in the forest of investigation. Theory predicts that in high-productivity 
biocenoses the importance of competition is smaller than in low-productivity systems (Section 1). 
(II) Moreover, it is not improbable that the carabid community in the Forst Tinnen, to which the 
C. auronitens and C. nemoralis populations under study belong, is unsaturated (for the other carabid 
species of this community see Section 1). Unsaturation could have an ancient origin: the postglacial 
filling up of Middle European habitats is not yet completed; but it could be more important that the 
Westphalian Lowlands forests had been nearly completely destroyed by anthropogenic over-exploitation 
during the Middle Ages and early modern times (HESMER & SCHROEDER, 1963). It was not until the 
19th century that semi-natural forests began to regenerate. C. auronitens was still absent in the area of 
investigation around 1882 (WESTHOFF, 1881, 1882), and probably began to occupy this area no earlier 
than between 1905 and at the beginning of the twenties, expanding from a few refugial areas in the 
Westphalian Lowlands (see Section 4.7; Niehues et al., 1996 ). C. problematicus and C. purpurascens 
are currently still absent from the Forst Tinnen (but living in other forests of the Westphalian Lowlands). 
Unsaturation of communities has an important implication: competition can be weak and communities 
can be randomly assembled (STRONG, 1983; BRANDL & TOPP, 1985; GORDON, 2000). The lack of 
distinct intra- and interspecific competition effects even at high densities in the Carabus assemblage 
investigated fits the model of a habitat unsaturation for historical reasons. 
(III) MÜLLER (1985, 1986) pointed out some life-style traits of carabid populations that can be 
interpreted as adaptations to reduce intraspecific competition: (1) in many species, males and females 
seem to differ in body size and, for example, in mandible opening width, which determines the spectrum 
of prey sizes; (2) adults and larvae are to a great extent separated, spatially as well as temporally (in 
general, the different life stages of a holometabolic insect may represent examples of distinct within-
species preferences; WIESHEU, 1998; LOREAU & EBENHÖH, 1994); (3) freshly hatched adults become 
active either before (in the case of autumn breeders with winter larvae) or after the reproduction period 
(in the case of spring breeders with summer larvae), so that their postecdysial activity does not coincide 
with the reproductive activity of the population. - The last point can be substantiated for C. auronitens 
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and C. nemoralis: in the case of C. auronitens we found that old surviving specimens were dormant 
during the autumn season when freshly hatched adults displaying locomotory activity; in C. nemoralis 
surviving adults did become active in the autumn again, but relatively late, when the maturation process 
of most C. auronitens and C. nemoralis young had been completed. Thus, although a large proportion of 
the adults survived the reproductive period, the freshly hatched specimens were protected against 
cannibalism and intraguild predation (Sections 3.12 and 3.15). It may even be speculated that adult 
longevity in spring breeders has been overlooked by carabid ecology research for such a long time 
(Sections 3.2 and 4.10) because the postecdysial activity season of teneral beetles is temporally separated 
from the activity seasons of old beetles. - Further temporal intraspecific separations between adults result 
from the large individual variation in start and end of both the spring and the autumn season (Sections 
3.3. and 3.12), especially when the youngest generation displays a shorter spring season than the older 
generations and when males finish the spring season earlier than females (Section 3.3).  
(IV) Concerning interspecific differences in utilizing environmental resources it has to be stressed that in 
any case populations belonging to different species would be expected to live and to reproduce in 
different ways. In the populations of C. auronitens and C. nemoralis under study, however, the 
differences in life style are surprisingly great, especially in the following five respects (1-7). (1) Indeed, 
both populations breed in spring, and their larvae develop during summer. However, C. nemoralis 
initiates its seasonality and developmental program sooner than C. auronitens: both the spring season and 
the season of hatching begin earlier in the year (Sections 3.3; 3.12). (2) Both species are nocturnal under 
the control of an endogenous circadian clock; however, C. nemoralis is more strictly bound to the night 
(Section 3.10). (3) In correspondence with these differences in seasonal and diurnal patterns, 
C. nemoralis tolerates lower temperatures for locomotory activity than C. auronitens (Section 3.5). (4) 
Both species are ground runners; C. auronitens, however, is also a regular tree climber whereas 
C. nemoralis is not (Section 3.9). (5) In both species teneral beetles with immature cuticle are protected 
against cannibalism by the old beetles because the latter are dormant when the young generation is 
hatching. However, later in the autumn season a fairly large proportion of the old generations of 
C. nemoralis becomes active, whereas old generations of C. auronitens continue dormancy until the next 
spring season (Sections 3.12 and 3.15). The reason for this last difference is unclear. It is evidently not 
that the old active C. nemoralis need to look for an additional food supply, as this behaviour is not 
density-dependent (Section 4.2) and the old adults active in the late autumn do not increase their weight 
appreciably (Figs. 3.6-1 a, b; Section 3.12). Rather, it seems that C. nemoralis already becomes sexually 
active in the autumn: we have regularly observed copulations during late autumn in C. nemoralis (cf. 
also DELKESKAMP, 1930). Dispensing and receiving sperm in advance could be a precondition for the 
very early start of the reproductive season in C. nemoralis (see below). - There are two more possible 
ways in which the populations under study could be differentiated: with respect to prey spectrum of the 
adults (6) and habitat requirements of the larvae (7). (6) Whether the prey spectrum of the two species 
differs is questionable. LINDROTH'S (1949) report that C. nemoralis is not able to overwhelm living snails 
and earthworms contradicts DELKESKAMP'S (1930) colourful description of hungry C. nemoralis 
successfully attacking large prey (living earthworms and insect larvae). We have observed that 
C. auronitens also preys on living animals (Fig. 3.9-3). (7) We do not know the food and the habitat 
requirements of the C. auronitens and C. nemoralis larvae; if the habitat requirements are different, the 
larvae could be horizontally and/or vertically separated on a fine spatial scale. SOTA (1987) reported that 
the (widely temporally separated) larvae of the co-existing species Carabus yaconicus and Leptocarabus 
kumagaii fed on different prey. - Our present knowledge of the niche differentiation of C. auronitens and 
C. nemoralis does not suffice to decide whether their habitat partitioning is that of distinct preferences or 
that of shared preferences (WIESHEU, 1998). 
Conclusions regarding (III) and (IV). Theoretically, any ecological or ethological difference between the 
developmental stages of a given species or between two species could reduce effects of competition. For 
example, it has been shown that different daily patterns of locomotory activity are able to reduce effects 
of heterospecific competition (REMMERT, 1965; FLEURY et al., 2000). It is, of course, not possible to 
decide whether in the populations under study the observed ecological and ethological differences 
between the developmental stages of a species or between the life styles of the two species, contribute 
substantially to a very high RFS and hence to the long-term co-existence of C. nemoralis and 
C. auronitens in the area of study. It could in fact even be that a trait common to both species, inactivity 
of the old generations when the mass of the young generation is hatching, is a major precondition (a pre-
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adaptation) for co-existence even in cases of high abundance (see above). The real extent of an 
overlapping of the ecological niches of C. auronitens and C. nemoralis should be measured 
experimentally .  
The question arises how the upper limit of the range of actual safety (Section 4.7) could be more 
accurately estimated. There is, of course, not much point in waiting for a 'nature experiment' to show the 
effect of an increase of abundance to 1000 individuals per 0.2 ha or more as a consequence of a long 
series of years with optimal temperature conditions (like in the simulation shown in Fig. 4.7-1); it would 
be more promising to repeat appropriate 'experiments in nature' (BRANDMAYR & WEBER, 1981) with 
correspondingly high or even higher numbers of individuals experimentally concentrated in enclosures. - 
After such experiments have established the range of abundances in which intraspecific density effects 
become detectable in C. auronitens, further enclosure experiments could be carried out to quantify the 
degree of interspecific competition at high densities, taking the approach: "How many individuals of 
C. nemoralis have the same (negative) effect as one individual of C. auronitens on the C. auronitens 
population dynamics ?" (cf. CONNELL, 1983).  
It remains to be seen what negative density -depending effects are to be expected if the upper limit of the 
range of actual safety in C. auronitens, or in the Carabus assemblage studied here, is crossed and the 
population enters the RFS. NIEHUES et. al. (1996) discussed that the over-reproduction in C. auronitens 
starting around 1910 (Fig. 4.7.-1) forced individual dispersal and promoted the expansion of the regions 
currently occupied by this species in the Westphalian Lowlands. However, MIDTGAARD (1999) was 
unable to establish by enclosure experiments that artificially enlarged densities in the carabids Harpalus 
rufipes and Pterostichus niger increased the rate of dispersal (see also GRÜM, 1971; BAARS, 1979 a, b). - 
Besides enhancement of dispersal, other intrinsic mechanisms to escape from the upper limit of the range 
of actual safety could be the reduction of net reproduction by a decrease of the proportion of females in 
the new-born generations and/or by a decrease of the number of eggs produced per female; moreover, the 
mortality of the preimaginal and/or the adult stages could increase. If there were no other negative 
feedback mechanism, one would expect a "beetle battle" in the case of severe (temperature-induced) 
over-reproduction (Section 4.7). On the other hand, the possibilities of escaping from the lower limit of 
the range of actual safety are: immigration from other populations, increase in egg production per female 
and/or decrease of mortality rates (NICHOLSON, 1957; WILBERT, 1959, 1962; MAC ARTHUR & 
CONNELL, 1967; WILSON & BOSSERT, 1971; MAY, 1980; BEGON et al., 1996). An increase of the level 
of activity (as observed in C. nemoralis; Table 3.4-1) may only incompletely compensate the 
disadvantage of low abundance; in fact, an intensified search for mates may even reduce reproduction by 
restriction of prey hunting and loss of energy (Sections 3.4 and 4.8). 
Remarkably, whereas the most likely factor for competition - competition for limited food - was not 
demonstrable in the Carabus assemblage investigated (Sections 3.6 and 4.2), competition for mates was. 
Recently, ROBERT BAUMGARTNER (in press) and NICOLA DÖRR (Table 2.-4) detected heterospecific 
sexual attraction: in spring, C. nemoralis males were attracted by C. auronitens females and vice versa 
(Table 4.9-1; females were not attracted by own or foreign males, not shown). A non-specific sexual 
reaction imposes costs in both the C. auronitens and the C. nemoralis population. Especially when the 
C. auronitens abundance is relatively high and the C. nemoralis abundance is relatively low, as during 
1997 - 1999, the interest of C. nemoralis males in foreign females could contribute to the temporal delay 
of the recovery of the C. nemoralis population (Section 4.8). During autumn, such interspecific sexual 
competition was not effective as in this season old surviving C. auronitens specimens were dormant and 
young C. auronitens females and males were sexually inactive, whereas adult C. nemoralis and perhaps 
also young individuals of this species were ready to copulate (occasional observations); thus, sexual 
activity of adult C. nemoralis in late autumn (Section 3.12; cf. also DELKESKAMP, 1930) may be 
interpreted as a mechanism that reduces interspecific competition for mates. 
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Table 4.9-1 Interspecific and heterospecific attraction of C. auronitens males and C. nemoralis males by 
females of these species put singly in pitfalls. The attraction experiment with C. auronitens 
females was carried out in spring 1998, the experiment with C. nemoralis females in spring 
2000, each in the Forst Tinnen. The number of baited and unbaited pitfalls was 48 in 1998 and 
96 in 2000; pitfalls were baited and opened twice a week for one night; the pitfalls with a 
female rotated so that alternately a pitfall was unbaited and baited with a female. As a control 
catches of Abax ater males are presented in the tables. The G test refers to the C. auronitens 
and C. nemoralis catches.  
 
number of trapped males 1998-experiment 
pitfalls baited with a 
C. auronitens female 
unbaited 
pitfalls 
C. auronitens males 215 93 
C. nemoralis males 62 21 
Abax ater males 58 60 
G = 0.6614; 0.50 < p > 0.30.   
number of trapped males 2000-experiment 
pitfalls baited with a 
C. nemoralis female 
unbaited 
pitfalls 
C. auronitens males 152 65 
C. nemoralis males 24 5 
Abax ater males    123 133 
G = 0.1888; 0.20 < p > 0.10.   
 
4.10 Adaptive plasticity in carabids: mainly a matter of seasonality  
of reproduction and development? 
It has to be supposed that any well established population is equipped with distinct genetic adaptations 
that enable surviving and reproducing under the special environmental conditions to which the 
population is exposed (DOBZHANSKY, 1955, 1970; DOBZHANSKY et al., 1977; MAYR, 1976; TIMOFEEFF-
RESSOVSKY et al., 1977). The existence of regionally adaptive traits is well known in carabid species, 
too. Differences between conspecific carabid populations have been interpreted as a consequence of 
individual plasticity or a result of selection for adaptations that enable survival and reproduction under 
different environmental conditions (different habitats), especially at different altitudes and geographic 
latitudes. Intraspecific trait comparisons concern body size and body shape (BOETTGER, 1921; 
KRUMBIEGEL, 1936 a, b; ZARAPKIN, 1934; RENSCH, 1943, 1948, 1950; PARK, 1949; MOSSAKOWSKI & 
WEBER, 1972, 1976; GRIES et al., 1973; TERLUTTER, 1991; SOTA, 1986 b, 1996; DEN BOER et al., 1993; 
SZYSZKO et al., 1996), reactions to ambient temperature (KRUMBIEGEL, 1932, 1936 c; FERENZ, 1975), 
diel and circadian activity rhythms or responses to light (KRUMBIEGEL, 1932; HEMPEL & HEMPEL, 1955; 
WILLIAMS, 1959; THIELE & WEBER, 1968; NEUDECKER, 1971; FERENZ, 1975; THIELE 1977 a, 1979; 
LEYK, 1979; LEYK et al., 1986; DESENDER & ALDERWEIRELDT, 1990), the seasonal program of 
development and reproduction as well as age composition (LUFF, 1973; FERENZ, 1975; THIELE, 1977 a; 
KOCH & THIELE, 1980; HOUSTON, 1981; REFSETH, 1980, 1984; BUTTERFIELD, 1986, 1996; 
BRANDMAYR & ZETTO-BRANDMAYR, 1986; WALLIN, 1989; PAARMANN, 1990; SOTA 1986 b, 1994, 
1996; SPARKS et al., 1995; SZYSZKO et al., 1996), the rate of egg production (BUTTERFIELD, 1986). – 
Moreover, in several carabid species differences between newly founded and old populations with 
respect to the frequencies of unwinged and winged individuals have been discussed as an outcome of 
"migrant-selection" (WILSON, 1976), i. e. an autonomous process of sorting (LINDROTH, 1949; DEN 
BOER, 1970; 1971; DEN BOER et al., 1980; DESENDER, 1989). 
In carabids, especially the seasonal program of reproduction and development is discussed as the most 
important adaptive trait (SOTA, 1994). LARSSON (1939) was the first to observe that most carabid species 
in moderate climate zones breed and develop in a distinct season within the year. He distinguished two 
main types of univoltine periodicity of reproduction and development. So-called spring breeders 
hibernate as adults and are reproductively active in spring/early summer. Their preimaginal stages 
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develop until late summer/autumn when the young adults hatch. There are two subtypes amongst spring 
breeders: populations whose tenerals are active after hatching during some time in the autumn; and 
populations whose tenerals remain inactive in the pupal chamber until the following spring. The second 
main type of developmental seasonality is that of so-called autumn breeders: they are reproductively 
active in the autumn; their larvae hatch during this season and hibernate; after pupal development in the 
following spring the young beetles emerge and, in some cases after a period of gonadal aestivation 
dormancy, enter the reproductive season in late summer / autumn. There are, however, differences within 
the two main types regarding the timing of reproduction and development. Examples of species with a 
different temporal niche amongst Middle European spring breeders are Carabus convexus , which is an 
"early spring breeder", and Carabus auratus, which is a "late spring breeder" (HURKA, 1973); examples 
amongst Middle European autumn breeders are Carabus purpurascens, which is an "early autumn 
breeder" (HURKA, 1973), and Patrobus atrorufus, which is a "late autumn breeder" (THIELE, 1969). 
Moreover, there are some carabid species of moderate climate zones that break the strong seasonality of 
reproduction and development and are able to reproduce in spring and autumn; the preimaginal stages of 
such species with flexible reproductive periods can develop under the conditions of the summer as well 
as the winter half-year (LÖSER, 1972; DEN BOER, 1977; THIELE, 1977 b; LOREAU, 1985; ERNSTING et 
al., 1992).  
Regarding the seasonality of reproduction and development in carabids adapted to Mediterranean or 
tropical climates see PAARMANN (1970, 1976), and to arctic and alpine climates see KAUFMANN (1971), 
MACLEAN (1975), DE ZORDO (1979), SØMME (1989), and SOTA (1996).  
THIELE and his co-workers (THIELE, 1966, 1967, 1969, 1971, 1975, 1977 b, 1977 c; KREHAN, 1970; 
Lampe, 1975) have shown that the reproductive and developmental seasonality in carabids is controlled 
by environmental factors. They discovered by laboratory experiments that in species of the two Larsson 
types larval development and/or adult oogenesis and spermatogenesis are completed only when the 
photoperiod and/or the temperature change once or twice throughout the year as they do under natural 
conditions. Thus, the seasonality of univoltine carabids is based on an obligatory diapause (a parapause) 
(see also HURKA, 1975; SOTA, 1985 b).  
These experimental findings of THIELE and his co-workers have stimulated ecological research in 
carabid beetles enormously. Now, substantiated hypotheses can be erected and experimentally tested to 
elucidate proximate causes: why species of the same main Larsson type living under similar conditions 
or even at the same places differ with respect to the time of starting and ending the seasons of 
reproduction and development, and, secondly, how conspecific populations could adapt to different 
climatic conditions. The basic hypothesis is that species of the same main type of seasonality as well as 
conspecific populations may differ with respect to the critical photoperiod and/or the temperature 
reaction norm (THIELE 1979; KOCH & THIELE, 1980).  
Indeed, the basic types of reproduction and development seem to be modified by adaptation to regional 
climatic conditions, especially to the length of the vegetation period. An overview of possible variations 
has been published by SOTA (1994) (see below). Unfortunately, intraspecific adaptations of seasonality 
of reproduction and development to fine-scale climatic differences have scarcely been studied 
experimentally in carabids (cf. Section 4.11 for C. auronitens and C. nemoralis). Models for a possible 
direction of research may be investigations on the clinal variation of photoperiodic responses in Panorpa 
vulgaris (Mecoptera) (SAUER, 1980) and other insects (BECK, 1980; MÜLLER, 1992). The only 
experimental studies in carabids are those of THIELE (1979) and KOCH & THIELE (1980) on 
photoperiodic adaptations to climates differing in accordance with the geographic latitude in the spring 
breeders Pterostichus nigrita and Pt. rhaeticus. However, several empirical investigations have shown 
how carabid autumn breeders adapt to the harsh climatic conditions at high altitudes or latitudes: the 
breeding season is advanced and, simultaneously, adult hatching period is delayed. Such opposite shifts 
result in semivoltism: the adults are unable to participate in reproductive activity in the year of their 
hatching, but do so for the first time one year later (SOTA, 1994). Semivoltism has been less often 
observed in spring-breeding carabid species and may indeed be rare in this type, as it requires a 
prolongation of larval development from the summer throughout the autumn and winter. Obligatory 
semivoltism has been reported from the spring breeder Pterostichus metallicus (WEIDEMANN, 1971). 
THIELE (1977 b) has stressed another possible flexibility in spring breeders that could be adaptive: the 
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degree of activity of freshly hatched beetles in the autumn may vary from habitat to habitat and from one 
geographical region to another; in the case of the investigated C. auronitens and C. nemoralis population 
teneral adults seem to be obligatorily active during a relatively short period after hatching (Sections 3.12 
and 3.13).  
Although much ecological and physiological information has been gathered on the seasonality of 
reproduction and development in carabid species, some general problems remain unresolved. In contrast 
to Larsson's original opinion, it is the rule in both autumn- and spring-breeding carabids that a 
considerable proportion of the adults participate in two or even more reproductive seasons (cf. Section 
3.2). It even seems that long-overlooked adult survivorship is extremely important for the reduction of 
population extinction risk, at least in species with a relatively small power of dispersal (VAN DIJK, 1972). 
We have shown in this study, by comparing the fluctuations of abundance in C. auronitens and C. 
nemoralis, that a carabid population is more stable, the greater the adult longevity (Section 4.8).  
From the phenomenon of adult longevity in spring breeders three main questions arise. (1) What factors 
control start and end of the reproductive activity of surviving adults in the spring? (2) It is questionable 
whether both emerging from the winter resting places and seeking resting places for aestivation coincide 
with the onset and end of the reproductive activity (Section 4.5). That is, the factors controlling the 
periods of locomotory and reproductive activity in the spring season may differ. In the laboratory egg 
production in C. auronitens continued for about 40 - 50 days and then ceased spontaneously, even when 
the conditions remained unchanged (Section 3.14). This suggests the possibility that the length of the 
egg-producing period is endogenously controlled, by a circannual clock or by an hourglass mechanism 
(GWINNER, 1986). The surviving Westphalian C. auronitens adults practise a long-term dormancy from 
the end of a spring season to the start of the next one; this type of dormancy is known as aestivo-
hibernation (MASAKI, 1980). The start of the long-term dormancy could be induced (a) by the 
photoperiod as in other insects with a summer diapause (MASAKI, 1980) or (b) by an internal timing 
signal and (c) modulated by the state of nutrition (which would explain the interindividual and 
interseasonal variability of the end of spring season; however, no significant correlation of this kind was 
demonstrable, cf. Section 3.3). Aestivo-hibernation diapause could be terminated by a certain period of 
cooling, as has been described for the adult Apple Blossom Weevil (KOSTAL & SIMEK, 1996). A further 
environmental or internal signal has to be assumed that prevents the beetles from becoming active when 
the temperature rises very early, in which case the increase is very likely to be merely temporary. (3) 
What factors control start and end of an autumn activity period of surviving old beetles of spring 
breeding species, and what factors control their sexual activity in the autumn, as for example in 
C. nemoralis (Section 3.12)? In this species, it is still unknown whether surviving adults are obligatorily 
or facultatively active in the autumn. DELKESKAMP (1930) observed that specimens kept in the 
laboratory ceased spontaneous activity between the middle and the end of May and become active again 
from the middle of July on (we observed surviving old adults starting activity much later in the autumn, 
Section 3.12).  
Regarding adult survivorship in autumn-breeding species, corresponding questions arise. (1) What 
factors control start and end of their iterative reproductive seasons ? (2) What factors control start and 
end of the locomotory activity period in the autumn, which also may not coincide completely with the 
period of reproductive activity ? (3) If surviving adults are active amongst freshly hatched individuals in 
the spring, what factors control start and end of their locomotory spring activity period ? 
4.11 Adaptive potential of the populations under study and signs  
of intraspecific adaptations to regionally diverging conditions in  
these species 
The adaptive potential of the C. auronitens population studied here also seems to be mainly a matter of 
seasonality and development: freshly hatched specimens have been trapped from August to October, in 
rare cases as early as at the end of June (Section 3.12). It may be speculated that this enormous time span 
is due to individual differences in egg production and egg laying as well as in developmental capacities. 
A population comprising such individual differences could well have a great potential for (genetically) 
adapting the developmental program to changing climatic conditions, for example by a transition from 
univoltism to semivoltism (see below). A first step towards semivoltism, the completion of postecdysial 
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maturation no earlier than in the first spring season, has indeed occasionally been observed in the 
C. auronitens population studied by us (Section 3.13). However, would not this rather narrow critical 
period during May, during which reproduction depends on the ambient temperature (PRIGGE'S critical 
period: Sections 4.3, 4.4, 4.5), impede adaptation to other climatic conditions? In Sections 3.7 and 4.5 we 
have pointed that in the population under study, oocyte maturation and egg laying occurred mainly in the 
interval between the 3rd decade of April and in the 2nd decade of May, whereas eggs produced earlier or 
later have a rather little chance to develop. - The selective force that restricts the main period of egg 
production seems to be that under actual climatic conditions in the Westphalian Lowlands both very 
early and very late hatching adult beetles have a reduced chance of survival (BAUMGARTNER et al., 1997; 
see Section 4.5). However, it has to be expected that under long-term directional selection the lowland 
populations would be able to escape from this "temporal pitfall" and to shift the period of main oocyte 
growth and egg laying into other parts of the spring season. Indeed, the few beetles which we have 
observed to emerge very early and very late in the autumn season (Section 3.12) could have developed 
from eggs produced before the 3rd decade of April and after the 2nd decade of May. They seem to 
indicate a (possibly genetically caused) plasticity of the population under study. Possibly, such plasticity 
has enabled C. auronitens to adapt to other climatic conditions: it is improbable that populations living 
under harsh high mountain conditions are faced with the same limited critical period for reproductive 
success as the populations in the Westphalian Lowlands.  
Correspondingly, TIETZE (1966) observed that in the South Harz the main spring season of C auronitens 
is shifted into June. In this context it has to be stressed that C. auronitens in the high mountains occupies 
not only forests, but also open areas (heath) with particularly extreme climatic conditions 
(GROSSESCHALLAU, 1981; BALKENOHL & GROSSESCHALLAU, 1985).  
An additional plastic trait of the lowland C. auronitens seems to be its ability to switch from 
predominantly being dark-active to predominantly being light-active, as we have observed in enclosures 
erected on an open field (on fallow land in the lowland; Fig. 3.10-3). It seems possible that C. auronitens 
uses this ability for adapting to climatic conditions of high mountain heath. A change from predominant 
locomotory activity during the night in woods to increased activity during the light when open land is 
inhabited has also been observed in other carabids (WILLIAMS, 1959; THIELE & WEBER, 1968). - The 
Westphalian Lowlands C. nemoralis seems to have the potential to become an exclusive "winter breeder" 
if the climate were to become milder than it is in the Westphalian Lowlands at present: mating already in 
the autumn (Section 3.12), not staying in typical winter resting places (unlike C. auronitens; Section 
3.15), early onset of activity in spring (Section 3.3) and locomotory activity at relatively low 
temperatures (Section 3.5) are traits of the lowland population of C. nemoralis that suggest such a 
potential.  
Unfortunately, comparisons on a demographic basis between C. auronitens or C. nemoralis populations 
living under different regimes of climate, soil or biotic environment are not yet available. There are 
merely certain indications of regionally divergent adaptive traits. The fact that third-instar C. auronitens 
larvae have been found in mountain regions during late autumn and early spring indicates a semivoltine 
development (i.e. continuation of larval development during the winter and pupation in the next spring) 
under harsh climatic conditions (HURKA, pers. comm.: Fig. 4.11-1). In accordance with this conclusion, 
HEYMONS observed a rather late hatching of a first instar-larva (middle of August) in a population living 
as high as 1200 m (cited by DELKESKAMP, 1930, p. 16), and HEMMER & TERLUTTER (1987) observed 
mature eggs in the ovaries of C. auronitens females from a Westphalian high-mountain population from 
May until August (with a maximum during July). One may speculate that a transition from univoltism to 
semivoltism enables C. auronitens to establish stable populations under high mountain climatic 
conditions. Both a strict uni- and a strict semivoltism could be based on some kind of diapause (Section 
4.10). ARNDT (1989), however, supposes that C. auronitens develops without any diapause as larvae of 
this species are found (in mountain countries?) at all seasons. In any case, we have to assume a 
reprogramming of exogenous and endogenous control of larval and adult development in C. auronitens 
populations living under high-mountain conditions. Regarding this assumption, we have obtained some 
evidence from a translocation experiment, as follows.  
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Fig. 4.11-1 Occurrence of C. auronitens larvae of the 1st, 2nd and 3rd instar in Middle European high mountain 
regions (altitude higher than 500 m above sea level; Prof. K. HURKA, pers. communication).  
 
We translocated C. auronitens from a forest in the Westphalian high mountains (about 600 m above sea 
level) and from a forest in the Westphalian Lowlands into neighbouring circular enclosures (Ø 20 m) 
erected in a forest located in a Westphalian Lowlands district that has not yet been recolonized by 
C. auronitens since the forest destruction in medieval / early modern times (Table 4.11-1; SCHWÖPPE 
et al., 1998). 
Table 4.11-1 The development of the enclosure populations. C. auronitens collected from lowland and 
highland habitats were introduced into separate enclosures (two for each geographic group) 
erected in a forest in the Westphalian Lowlands (in a district that has not yet been recolonized 
by C. auronitens since the forests were destroyed in medieval / early modern times). CI number 
of introduced specimens; CII - CIV are the cohorts that developed in the enclosures (all 
specimens were individually marked); most young specimens were trapped during the season 
of hatching, but some were trapped no earlier than the following spring season. Enclosure F 
was removed after the end of the spring season 1994; from enclosure C all animals disappeared 
unexpectedly at the beginning of May 1994 (modified from SCHWÖPPE et al., 1998). 
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In the enclosures, under lowland climatic conditions, the offspring of the highlanders developed 
according to the univoltine scheme. There were, nevertheless, remarkable differences in seasonality 
between the translocated highlanders and lowlanders; these differences were also obvious in the 
offspring that developed in the enclosures.  
(1) In spring, the CNF (Section 2.5) of lowlanders and highlanders was not consistently different, but the 
CNL of the highlanders increased much later than those of the lowlanders (the latter displayed spring 
seasons similar to the Forst Tinnen population; Fig. 4.11-2). This difference was not due to a different 
intraseasonal mortality, as the CNLs of specimens surviving until the following spring season were as 
different as those of the whole enclosure populations (Fig. 4.11-3).  
 
 
Fig. 4.11-2 Spring season CNFs and CNLs (cf. Section 2.5) of groups of C. auronitens introduced into circular 
enclosures (Ø 20 m, similar to the enclosures described in Section 2.11) in a forest in the 
Westphalian Lowlands. Origin of the enclosure populations: C and D from the Westphalian 
Lowlands; E and F from the Westphalian Highlands (about 600 m above sea level). The 
translocation experiment started at the beginning of spring 1991 and was continued until autumn 
1994. For the number of introduced specimens and the number of offspring observed in the 
enclosures see Table 4.11-1. CNFs and CNLs refer to the respective whole spring population (all 
generations pooled). The group in enclosure C was not included in spring 1994, because at the 
beginning of May all the specimens unexpectedly disappeared from this enclosure (modified from 
SCHWÖPPE et al., 1998).  
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(2) In contrast, during the autumn season the CNF of the highlanders' offspring started to increase earlier 
(with the exception of the first year of the translocation experiment; Fig. 4.11-4). The populations of 
lowland and highland origin differed correspondingly with respect to the CNLs of the young beetles in 
the autumn. Moreover, there was a conspicuous difference between the CNL of the total young females 
and the surviving young females of the highlanders: the CNL of all females increased substantially 
earlier than the CNL of the surviving females (Fig. 4.11-5). Evidently, under lowland conditions the 
early hatching females of the highlanders were exposed to an increased mortality risk. - Thus, under 
lowland conditions the highlanders displayed a prolonged spring season (1); moreover, they started egg 
laying earlier, or their preimaginal development was accelerated (2). - Their developmental program 
clearly differed from that of the lowlanders. On the other hand, we unfortunately observed nothing to 
indicate whether their reproductive success depends upon the same narrow critical period in May as that 
of C. auronitens from the lowlands (Section 4.3). - Of course, from the results of the translocation 
experiment we may not draw conclusions about the seasonality of activity and reproduction under 
highland conditions; we may conclude only that there are genetic differences between lowland and 
highland populations. 
 
 
 
Fig. 4.11-3 Spring season CNLs of the total enclosure populations and of the specimens surviving until the 
following spring season. The data from the spring seasons 1991, 1992 and 1993 have been pooled. 
Cf. legend of Fig. 4.11-2 (modified from SCHWÖPPE et al., 1998). 
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Fig. 4.11-4 Autumn season CNFs and CNLs of the young individuals developed in the enclosures. For the 
absolute number of trapped newly hatched individuals see Table 4.11-1. Offspring in enclosure C 
were not included in autumn 1994; enclosure F was removed at the end of spring season 1994. Cf. 
Table 4.11-1 and legend of Fig. 4.11-2 (modified from SCHWÖPPE et al., 1998). 
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Fig. 4.11-5 Autumn season CNLs of all young individuals developed in the enclosures and of those young 
individuals that survived until the following spring season. Data from autumn seasons 1992 and 
1993 pooled. Cf. Table 4.11-1 and legend of Fig. 4.11-2 (modified from SCHWÖPPE et al., 1998). 
 
In the first spring we also observed a higher proportion of activity (measured as trapping rates) at low 
temperature in the introduced female highlanders than in females from the lowland (SCHWÖPPE et al., 
1998). However, in the subsequent spring seasons temperature reactions different from those of the 
lowlanders were no longer observed, either in the introduced highland females or in their offspring. 
Even less is known about regional adaptations in the widely distributed species C. nemoralis. 
KRUMBIEGEL (1932) described an increase of the proportion of daytime locomotory activity from north-
eastern to south-western populations (central Germany - Alsace - southern France), corresponding to an 
increase of the "optimal temperature" as revealed in laboratory choice experiments. DELKESKAMP (1930, 
p. 16) summarized several observations that point to the possibility of a semivoltine development in 
some C. nemoralis populations as well. 
It would surely be a fruitful ecological project to use the demographic approach in order to compare 
conspecific populations of C. auronitens and C. nemoralis, that live under different abiotic and biotic 
conditions and especially to compare the balance of mortality and net reproduction rates. For example, 
C. auronitens lives in the Westphalian Highlands not only in woods but also in anthropogenic heath 
(GROSSESCHALLAU, 1981) under climatic conditions largely deviating from the conditions in 
Westphalian Lowland forests. In the case of C. nemoralis it seems promising to compare populations 
introduced to North America (LINDROTH, 1954, 1963) with the European populations of origin, the 
localization of which could be ascertained genetically. 
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5. Summary 
1. In this paper we check for possible effects of intra- and interspecific competition within a Carabus 
assemblage consisting of Carabus (Chrysocarabus) auronitens Fabricius 1792 and Carabus 
(Archicarabus) nemoralis Müller 1764. Both species are spring breeders with summer larvae and 
obligatory activity in search of food after hatching in late summer/early autumn ("autumn season"). An 
individual marking-recapture experiment has been performed with C. auronitens since spring 1982; 
specimens of C. nemoralis were individually marked since spring 1992. The area of investigation (0.2 
ha) was inside an oak-hornbeam forest of the Westphalian Lowlands (near the city of Münster). From 
spring 1982 until spring 1992 the area of investigation was surrounded by a fence that was not beetle-
proof; in summer 1992 a beetle-proof fence was erected. In spring 1982 114 pitfall traps were set in this 
area; in autumn 1988 the number was increased to 152 traps, and in spring 1989 to 171 traps (Ø of a trap: 
9.5 cm). During the activity seasons of the beetles the traps were usually opened twice a week overnight. 
The seasons evaluated for this paper extend up to the autumn season 1998; some data from the spring 
season 1999 are also considered.  
2. The number of specimens present in the area of investigation in spring and autumn seasons was 
estimated between spring 1982 and spring 1992 by the Jolly-Seber method. Thereafter the abundance 
was determined by demographic census. Survival rates were calculated from the number of specimens 
individually marked in season i and the number of specimens retrapped in the season (i + n). The 
abundance of reproductively active C. auronitens females in a spring season was estimated by the Jolly-
Seber method, for spring seasons 1993 - 1998 corrected by the data from the demographic census. The 
abundance of the reproductively active C. nemoralis females in a spring season was estimated by the 
demographic census. The abundance of young C. auronitens in the autumn seasons 1982 - 1991 was 
estimated by the Jolly-Seber method; from autumn 1992 until autumn 1998 the abundance both of young 
C. auronitens and young C. nemoralis was determined by the demographic census.  
3. The C. nemoralis population reached a maximum abundance (217 individuals per 0.2 ha) in spring 
1994, the C. auronitens population in spring 1995 (625 individuals per 0.2 ha). From 1995 until 1998 the 
abundance of C. nemoralis declined dramatically: down to 20 specimens. The number of C. auronitens 
individuals also shrank, but much less severely: from 1995 until 1998 it fell to 244 individuals. Two 
causes (I, II) of these fluctuations are conceivable: (I) both populations reacted largely synchronously to 
suboptimal abiotic conditions, but the reproduction / mortality balance in the C. nemoralis population 
was more strongly disturbed than in the C. auronitens population. (II) The increase to the rather high 
abundances, a total of 788 Carabus specimens in the fenced area of 0.2 ha in spring 1994, and 827 
specimens in spring 1995, could have had negative feedback effects on reproduction rates and possibly 
also mortality rates, with a much greater influence on the C. nemoralis than on the C. auronitens 
population. Density dependent fluctuations would point to intra- and/or interspecific competition for 
food. 
4. Survival rates and age composition of the populations are to be drawn from the generation tables given 
for C. auronitens and C. nemoralis, each since spring 1992 (Tables 3.2-1 and 3.2-2). The maximum adult 
life-span was 5 1/2 years in C. auronitens females and males, and in C. nemoralis 3 1/2 years for females 
and 4 1/2 for males. Net reproduction rate (Bi) is defined as the number of freshly hatched specimens in 
the autumn i divided by the number of females in the spring season i. Bi varied widely throughout the 
years of observation: in C. auronitens from 0.02 to 3.10 between 1982 and 1998 and in C. nemoralis 
from 0.17 to 4.24 between 1992 and 1998 (Table 3.2-5). On the basis of the measured female survival 
probabilities (Table 3.2-3) for a C. auronitens population with steady-state abundance and steady-state 
age pyramid a net reproduction rate of 0.96 is calculated; for a C. nemoralis population the steady-state 
rate is 1.24. 
5. The time courses of the activity during spring and autumn seasons are described by the curves of 
cumulative number of individual first captures (CNF) and by the curves of the cumulative number of 
individual last captures (CNL). In some years with a warm and early spring, the first individuals of 
C. auronitens were trapped around March 10, in other years with prolonged wintry climate no earlier 
than the beginning of April. In any case, the C. nemoralis CNFs sloped more steeply than those of C. 
auronitens: the 50% mark of C. nemoralis female and male CNFs was usually reached as early as during 
March, or at the beginning of April at the latest; in C. auronitens the 50% mark was most often reached 
Behavioural, reproductive and developmental seasonality in Carabus auronitens and Carabus nemoralis 
 Mitt. Biol. Bundesanst. Land- Forstwirtsch. 382, 2001 178 
during April, in only one case at the end of March. The end of the spring season seemed not to be 
different in the two species: the 50% marks of CNL was reached in the 2nd half of May or at the 
beginning of June; during June or at least in early July the surviving animals became inactive. - As a rule, 
young adults of C. auronitens did not appear earlier than the beginning of August, whereas the first 
young adults of C. nemoralis were trapped regularly somewhat earlier. The 50% mark of the CNF of 
young animals was reached in C. auronitens mostly at the end of August or in the first half of September, 
in C. nemoralis again somewhat earlier. In C. auronitens the autumn activity season of the young beetles 
ended - depending on weather conditions - in October or at the beginning of November. - During the 
autumn seasons surviving old specimens of C. auronitens were dormant (with very few exceptions); 
surviving C. nemoralis were becoming active again, but - as a rule - relatively late, when the hatching 
period and the process of postecdysial maturation were finished in most young beetles of both species. 
6. Weight development during spring and weight development of the freshly hatched specimens as well 
as the process of cuticle hardening were regularly studied in C. auronitens, but only occasionally in C. 
nemoralis. The maximum weight of the C. auronitens females developed between the 2nd decade of 
April and the 2nd decade of May was an operational measure of egg production: this parameter 
determined 54.90% of Bi in the respective year. Thus, the variability of net reproduction seemed to be 
influenced to a high degree by the variability of egg production. The weight developed at the end of the 
spring season (in the 3rd decade of May and in June) no longer influenced net reproduction: even when 
the Bi was small in a given year, the weight increased considerably at the end of the spring season, 
obviously as preparation for the forthcoming long-term dormancy. - An influence of the fluctuating 
abundance of canopy caterpillars on the reproductive success of C. auronitens and C. nemoralis could 
not be ascertained. However, the maximum weight of C. auronitens females and males developed at the 
end of the spring season regresses positively (with weak significance in females and high significance in 
males) on the estimated caterpillar abundance.  
7. In circular enclosures (Ø 20 m) we investigated the effect of additional food supply in C. auronitens 
during three spring seasons, partly with artificially enlarged abundances (modified LENSKI, 1984, 
experiments). Moreover, in the spring season of peak abundance in the 0.2-ha enclosure (1995) we 
compared the weight development of pairs of C. auronitens kept in pails in the forest and fed ad libitum 
with that of the animals in the 0.2-ha enclosure. The results of these experiments do not point to an 
efficacy of competition for food. Rather, profits of the fed animals observed in two feeding experiments 
seemed to be due to a food restriction that was caused by low temperatures in the respective spring.  
8. Freshly hatched animals lacked any fat-body store. Postecdysial weight increase was due to fat-body 
growth and endocuticle deposition. In C. auronitens, from individual recaptures we estimated a mean 
duration of postecdysial maturation of 3 to 6 weeks, during which the cuticle sclerotized, fat body 
developed and individual weight increased on average by 25-66% in females and by 32-76% in males. 
Feeding experiments in the laboratory showed that postecdysial maturation is strongly influenced by 
food supply.  
9. Net reproduction rate Bi, body size of the young generation and hatching weight of the young 
generation were a correlated complex that characterized the reproductive success of the C. auronitens 
population under study in the respective year: the mean of adult body size and absolute and relative mean 
hatching weight is positively correlated with Bi (in 5 of 6 cases significantly); the coefficient of variation 
(CV) of adult body size is negatively correlated with Bi (in females and males significantly); CV of 
hatching weight of females (but not that of males) is negatively correlated with Bi (weakly significantly). 
- Probably, it was the ambient temperature that linked these parameters in a correlated complex (see 
Point 14).  
10. Trapping rates depended linearly and to a high degree on the early night temperature between the 
start of the spring season and the middle of May (in C. auronitens) or the beginning of May (in C. 
nemoralis). C. auronitens females and males were trapped only when the early night temperature was 
above a threshold of 7 °C. At temperatures above 9 °C, up to 50% of all C. auronitens individuals 
present in the enclosure were trapped during one night. In the cold spring season 1996, however, a 
relatively large portion of the C. auronitens females were not trapped at all. In both sexes of C. nemoralis 
the threshold of activity was 4 °C; 60% and more of all individuals were caught when early night 
temperature was above 6.5 °C. Later in the spring season the temperature dependence of trapping rates 
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was weaker and changed in both species, inasmuch as high temperatures no longer induced such high 
trapping rates. - C. nemoralis was active during the night; C. auronitens exhibited some degree of 
activity in the daylight.  
11. The walking patterns of C. auronitens in the forest and the reactions of this beetle at the edge of the 
forest and on open ground were telemetrically investigated by the method of harmonic radar: on the 
forest floor we observed patterns of random walk and directed movement; in an open field directed 
movement prevailed; at the edge of a forest beetles showed turning-back reactions, and on open land in 
front of a forest the beetles reacted by walking towards the forest silhouette. C. auronitens has been 
recognized as a regular tree climber. The winter resting places of C. auronitens were described, and the 
resistance of this species to flooding was investigated: C. auronitens adults were able to survive flooding 
of at least 3 weeks at 2 °C; during flooding the beetles accumulated a considerable amount of lactate in 
the hemolymph.  
12. By laboratory breeding we have verified the univoltine developmental program in C. auronitens 
(C. nemoralis' univoltine developmental program had already been studied by DELKESKAMP, 1930).  
13. In the tests for density dependencies, which - if density was effective at all - could be interpreted as 
an outcome of competition, independent factors were both the abundances of C. auronitens and 
C. nemoralis, considered separately, and their sum. Thus, possible intraspecific competition within the 
C. auronitens population and within the C. nemoralis population and both possible cases of interspecific 
competition as well as possible combined effects of intra- and interspecific competition was tested. In 
C. auronitens we detected (partly weakly) significant regressions of Bi, CV of the body length of the 
young females and males, and the absolute and relative mean weight of the young females on the 
abundance in spring of the respective year. The spring conditions seem to have produced even longer-
persisting after-effects during the postecdysial maturation period of the young generations. The 
regressions mentioned must not be interpreted as a result of competition: at least partly they seemed to be 
mimicked by a dependence on ambient temperature (see Point 14). In C. nemoralis, a regression of Bi on 
density was not found. - Unexpectedly, the mean body length of the young C. nemoralis females 
regressed significantly positively on the number of reproducing females in the spring of the respective 
year. - In spring season, the mean individual trapping rate of female and male C. nemoralis regressed 
significantly negatively on the abundance of this species. The C. auronitens trapping rates in spring did 
not depend on the abundance.  
No dependence on the density in spring i was detected in the following parameters: C. auronitens: 
"females' maximum mean weight developed between the 2nd decade of April and the 2nd decade of 
May" (an operational measure of egg production); C. auronitens: "mean body length of the young 
specimens" (the calculated coefficients, however, are negative); C. auronitens and C. nemoralis: "25% 
and 50% mark of CNF of young specimens in the autumn season"; C. auronitens and C. nemoralis: 
"probability that a specimen of the generation i-1 will survive from spring i to spring i+1"; C. auronitens 
and C. nemoralis: "75 % mark of the cumulative number of individual last captures (CNL) in spring"; C. 
auronitens: "maximum mean weight at the end of a spring season (measured in the 3rd decade of May or 
in June)"; C. auronitens: "minimum mean weight between the 1st decade of April and the 2nd decade of 
May" (but see Point 17); C. nemoralis: "percentage of the surviving old beetles active during the autumn 
season".  
Parameters of the freshly hatched beetles did not significantly regress on the abundances in the respective 
autumn season. We tested in C. auronitens and C. nemoralis: "survival rate of the young individuals 
from autumn i until spring season i+1"; in C. auronitens: "duration of elytra sclerotization", and "weight 
increase during the postecdysial maturation"; in C. auronitens and C. nemoralis: "25% and 50 % mark of 
CNF" and "75% mark of CNL"; in C. auronitens: "total weight increase (%) during postecdysial 
maturation".  
14. Bi of the C. auronitens as well as of the C. nemoralis population under study regressed positively on 
the averaged daily mean temperature (ADMT) in a 17-day period (called PRIGGE'S critical period) 
starting earliest on May 9 and latest on May 15. The density dependence of Bi (see under Point 13) 
seemed to be mimicked by this temperature influence, as by multiple regression analyses the temperature 
dependence persists, whereas the density dependence disappears. It seems that the apparent density 
dependence was a consequence of stochastically distributed bad-weather events: as a rule between two 
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years with low temperatures in the month of May several years with normal conditions were inserted 
during which the population under study was growing. It is therefore not improbable that the abundance 
was high when a bad-weather event occurred, and in response to bad abiotic conditions reproductive 
success was low. Consequently, the abundance of C. auronitens regresses negatively on ADMT in the 
critical period of May. This effect evidently also synchronized the fluctuations of the C. auronitens and 
C. nemoralis populations under study. - The mean weight of freshly hatched (very soft) female and male 
C. auronitens and the mean length of young females regress positively, whereas the CVs of the body 
length of young females and males regress negatively on ADMT in Prigge's critical period. The density 
dependence of the mean weights seemed to be mimicked in the same way by this temperature influence. 
With regard to the mean length of the young females, and the CV of body length, neither temperature nor 
density exhibit a significant influence in the multiple regression analysis.  
15. ADMT influenced the females' mean weight, a potential operational measure of egg production, 
significantly only in the 1st decade of May. We obtained indirect evidence that as early as the 2nd decade 
of May temperature was no longer influencing Bi by affecting egg production. We therefore conclude 
that the temperature in Prigge's critical period influenced mainly the development of embryos and young 
larvae.  
16. In C. auronitens, but not in C. nemoralis, the survival rate of the specimens of the generation i-1 
from spring i to spring i+1 was correlated negatively with Bi. Again, this dependence could be mimicked 
by a temperature dependence: a high survival rate in case of low reproduction could be the consequence 
of a low-temperature-induced reduction of activity by which, for example, the danger of predation was 
reduced. Indeed, survival rates regressed significantly on temperature in the critical May interval. 
Multiple regression analysis, however, does not reveal an exclusive influence of one of the two potential 
factors. 
17. Thus, the data sets give no clear evidence of density-dependent processes due to competition for 
limited food in the assemblage of the co-existing C. auronitens and C. nemoralis populations under 
study. It seems that the densities observed in the middle and at the end of the spring seasons as well as in 
the autumn seasons were below the range of density-dependent food shortage (RFS). An exception was 
possibly the minimum mean weight of the C. auronitens females observed in the period between the 1st 
decade and the 3rd decade of April, which regresses positively on the temperature in Prigge's critical 
interval. The unexpected influence of the temperature in the mid-season on weight development in the 
early season can be explained by a (weak) negative effect of the abundance on the weight development in 
early spring. As must be postulated from this finding, the females' minimum weight in early spring does 
indeed negatively regress on the abundance (albeit not significantly). Thus it seems that not only did 
stochastically distributed bad-weather events mimic density dependencies, but inversely, density-
dependent factors, if they were effective, mimicked a temperature influence. 
18. It is in the nature of randomly distributed limiting factors such as bad-weather events that they could 
fail to appear when their operation is necessary in order to prevent negative effects of over-abundance. 
How reliable are limitations at the right time by temperature, the key factor of net reproduction in C. 
auronitens? As we know the critical period in which ambient temperature is operating, population 
growth under the influence of real meteorological temperatures could be simulated starting in 1891 with 
316 individuals (corresponding to the abundance in the enclosure in 1989). Besides the spring 1995 peak 
(623 individuals/0.2 ha simulated, 625 measured) two other peaks of abundance were detected in this 
simulation: the number of individuals in a 1926 peak was 957 individuals/0.2 ha and in a 1955 peak 980 
individuals/0.2 ha. Theoretically, some kind of negative effect is to be expected whenever the abundance 
of a population increases so much as to enter RFS of the population's ecological niche. However, because 
of absence of any crowding effect in an enclosure experiment with artificially increased individual 
numbers (modified Lenski, 1984, experiment; density equivalent to around 775 C. auronitens individuals 
per 0.2 ha) it is questionable whether there was an outbreak of intraspecific competition in the 
C. auronitens population during the high-density periods found by simulations in 1926 and 1955. - 
Moreover, the simulation reveals a severe decline of the abundance around 1908: down to 27 individuals 
per 0.2 ha. This abundance was probably still above the critical minimum abundance at which the sexes 
no longer meet one another. It has been simulated from the attraction of males by females in pitfalls and 
on the basis of the known individual patterns of locomotion that the critical numbers in C. auronitens are 
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7 females and 7 males per 0.2 ha: at these densities the probability is about 95% that a female will 
encounter at least one male during the month of May (Baumgartner, in press).  
Taking 28 and 1500 individuals per 0.2 ha as the limits of the range of actual safety, then in the face of 
the forthcoming climate events (around 1908 and 1926) the range of safety in the 1891 simulated 
population would have been 164 (the critical minimum) and 495 (the critical maximum); that is, the 
range of future safety was much smaller than the range of actual safety. This may be true in all cases 
when exclusively stochastic key factors determine the growth of a population, especially when there is 
one stochastic key factor only.  
19. It is discussed whether the non-existence of any distinct competition effect within the range of 
abundances observed between 1982 and 1998 is the consequence of plenty of food (that is, a very high 
RFS within the occupied habitat), of a historically caused habitat unsaturation, of marked intraspecific 
and/or interspecific niche heterogeneities. - Especially, competition could be weak because of historically 
caused habitat unsaturation: in Westphalia, after a nearly complete anthropogenic forest destruction 
during the Middle Ages and early modern times, semi-natural forests started to regenerate no earlier than 
during the 19th Century; from a historical report we know that C. auronitens was still absent from the 
region of investigation around 1880 (NIEHUES et al., 1996). - It is, of course, not possible to decide 
whether the observed ecological and ethological divergences between the life stages of the same species, 
and those between the life styles of the two species, contribute substantially to a high RFS and hence to 
the long-term co-existence of C. nemoralis and C. auronitens in the area of study. In fact, it could even 
be speculated that a common trait of both species, inactivity of the old generations when the mass of the 
young generation of C. nemoralis and C. auronitens is hatching, is a main precondition (a pre-
adaptation) for co-existence even under high abundances. - Whereas the first possibility to come to mind 
- competition for food - was not demonstrable in the Carabus assemblage investigated, competition for 
mates was. Interspecific sexual attraction existed in spring: males were attracted by both conspecific and 
heterospecific females. This competition may be weakened by the seasonality difference: C. nemoralis 
was already sexually active in the autumn, whilst C. auronitens was not.  
20. We describe regionally diverging adaptive traits known in carabids in general and - as far as they are 
known - in C. auronitens and C. nemoralis. We summarize the results of a previously published 
translocation experiment: the translocation of C. auronitens specimens from Westphalian Highland 
populations into enclosures erected in the Westphalian Lowlands (SCHWÖPPE et al, 1998). On the basis 
of the life-history traits described in this study we speculate about the adaptive plasticity of the 
populations under study.  
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